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CHAPTER I. INTRODUCTION 
Background in the Development of American Agriculture 
American agriculture has been faced with a general set of struc­
tural problems for the last five decades. These problems have been 
temporarily accentuated or alleviated during periods of depression, 
wars, and sudden large increases in export demand. But they have 
returned thereafter with similar impacts on price and income depres­
sion and pressures on rural communities. 
During the 1930s and early 1940s, U.S. agriculture produced more 
than could be absorbed by domestic and export markets at price levels 
acceptable to farmers. This situation reversed and instead of price 
floors and supports, price ceilings were imposed on farm commodities 
during World War II and shortly thereafter. In the 1950s, 1960s and 
the early 1970s, U.S. agricultural production or supplies again 
exceeded demand at prices acceptable to farmers. Thus, a collection 
of farm programs were used to control output, support prices and 
remove grain from the domestic market through, widespread international 
food aid. In 1972-73, there was a crop shortfall in the U.S.S.R, and 
other regions in the world, as such, both demand and price of farm 
commodities in the U.S. leaped to very high levels. However, by 1976, 
they had once more begun to slacken and the future policy needs of 
agriculture had again become more uncertain. 
The basic forces underlying these problems have been partially 
offset by various government programs initiated since the 1930a, 
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however, while the relative emphasis given to different elements of 
agricultural policy has changed with time, the main instruments have 
remained the same over the years (26), The major instrument used to 
control farm supply and bolster prices and income has been various forms 
of land retirements with payments to farmers to encourage participation. 
This has often been supported by short-term commodity storage programs 
by the Commodity Credit Corporation (CGC). The major instrument used 
to increase demand is food aid through the domestic Food Stamp Plan 
and international food aid as well as export arrangements. 
As illustrated in Table 1.1, the concentrated effort to develop 
U.S. agriculture and food production potential has allowed total farm 
output to increase with reduced employment of cropland and labor. New 
forms of capital technology have substituted for these resources and 
thereby increased productivity. Since 1910-14, the production of 
crops per acre has risen by 87 percent, man-hours of labor used has 
declined by 170 percent and total farm input used has risen by 77 
percent (32). The supply potential of U.S. agriculture has thus 
increased substantially. Both the public and private sectors have 
been actively involved with the invention and dissemination of output 
increasing technology such as new crop varieties that are high yield­
ing, more efficient mechanical equipment that increase efficiency and 
timeliness of farm operations, chemical fertilizers and pesticides, 
and several others that have bolstered output. Aggregate demand, 
however, has failed to keep up with the supply. 
Table 1.1. Farm production and efficiency for selected periods from 1910 to present.^ 
Total Cropland Crop Man-Hours Total Farm 
Farm Popula- Used Production of Labor Production Produc-
Year Output tion For Crops Per Acre Used Inputs tivity^ 
(% of 1960) 
1910-14 49 53 95 63 235 84 58 
1930-34 56 69 108 58 228 92 61 
1940-44 73 75 106 73 207 98 75 
1950 81 84 107 77 154 100 80 
1960 100 100 100 100 100 100 100 
1970 111 113 93 117 62 110 110 
1971 122 115 96 126 61 112 119 
1972 121 116 100 129 59 112 118 
1973 123 116 102 129 59 112 119 
1974 116 117 102 117 57 112 116 
1975 125 118 104 127 58 110 121 
1976 129 120 105 124 50 106 124 
1977 133 121 106 131 49 107 126 
1978 133 122 104 135 46 106 126 
1979 140 123 106 141 45 106 133 
^Source: (32, 58, 60). 
^Output per unit of input. 
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In the earlier developmental stages, two major factors increased 
food demand in the U.S. Population was increasing and food consumption 
per capita was also increasing due to high prices and income elasticities 
of demand. The combination of low input prices and growing output in 
a highly elastic market led to higher farm incomes even with lower prices 
for farm output. However, by the time of the depression in the early 
1930s, the United States had already attained a relatively high level 
of economic development wherein income elasticities of demand for food 
had declined and the rate of population growth was slowing. 
Since food demand responds most importantly to changes in popula­
tion, food prices and per capita incomes, inelastic price and income 
elasticities reduce the effect of changing prices and incomes on food 
demand considerably. In the U.S., the price elasticity of demand for 
all food taken together is estimated at -0.22 and the income elasticity 
for food expenditures is about 0.1, while the income elasticity for 
the physical quantity of food is zero (23). Thus, increased aggregate 
domestic food demand depends primarily on the growth in population. 
This state of domestic demand faces American food producers over 
the future. Food demand will grow at approximately the rate of popu­
lation growth and expansion of foreign demand. Increases in production 
exceeding growth in demand will cause short run depressions of farm 
prices and incomes in the absence of offsetting storage and price sup­
port programs. 
While malnutrition in the United States may still prevail to some 
extent, per capita consumption of food has changed very slightly over 
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the past few decades (Figure 1.2). Hence, programs to alleviate this 
problem may not bring about a great enough. Increment in aggregate 
demand to offset this existing or near-term surplus capacity in supply 
(.26) . 
Compensation Policies 
The progress of economic development, to which the farmer has con­
tributed much through rapid adoption of new technology and increased 
productivity in the U.S., has consistently penalized agriculture 
through, lower farm prices and Incomes, The agricultural sector has 
little choice in decisions of whether or not to adopt new technology, 
Because of the competitive nature of the agricultural industry, in 
which the Individual producer faces a horizontal demand curve, the 
farmer generally has adopted new technology to maintain competitive 
position and Income level. The long run result has been the decreas­
ing relative price of food to the consumer under normal market condi­
tions while many farmers have sacrificed with lowered Incomes as supply 
Increased more rapidly than demand. Returns to factors of production 
in agriculture have generally been lower relative to other sectors of 
the economy. 
As early as 1929, the U.S. Congress established the Federal Farm 
Board to subsidize tho withholding of farm products from the market 
through marketing corporations. However, due to lack of production 
controls and because it controlled such a small proportion of marketing, 
6 
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the board was unable to raise prices. With the advent of the depres­
sion in the early 1930s and further depreciation in the "parity ratio," 
by the winter of 1932-33, many farmers were fueling their stoves with 
corn, which was cheaper than coal (50). This crisis led to the Agri­
cultural Adjustment Act of 1933 (AAA) and the present set of compensa­
tion policies that are essentially extensions of policy concepts 
developed in the early 1930s. These policies have included voluntary 
reductions in acreages of basic crops, direct payments for participating 
producers, and the use of federal funds for expanding agricultural 
markets (50). The programs initiated in the 1930s were emergency and, 
therefore, short-run programs. By the end of the 1950s, the Commodity 
Credit Corporation (CCC) had accumulated huge stocks due to high price 
supports and insufficient land retirement to mesh annual supply with 
effective demand. 
The Conservation Reserve Program was a longer-term program initiated 
in the 1950s for periods up to ten years. This program was not of suf­
ficient magnitude to reduce supply to a level consistent with price 
supports during that period. The difficulty, however, was the magnitude 
of the program and not in its longer-run nature (26). In the 1960s, 
the feed grain, wheat, and cotton programs were initiated. These pro­
grams were annual in nature and provided cash payments as well as price 
support loans to farmers for voluntarily withholding cropland from 
production. Land retirement programs to control supply have been at 
levels indicated in Table 1.2. In the early 1970s, set-aside programs 
Table 1.2=, Land diverted from crop production under various supply control programs, 1975-79 
(million acres).^ 
Program 
Crop­ Crop­
Feed Conser­ land land 
Sorghum Grain vation Conver­ Adjust­
Year Com Grain Barley Oats Total Wheat Cotton Reserve sion ment Total 
1956 — — —  — —— — —  —— 1.4 —. — 1.4 
1957 — —— —— 6.4 • ' " 6.4 
1958 —— —— —— 9.9 —— 9.9 
1959 — —— —— —— —— 22.5 —— — — 22.5 
1960 — —— 28.7 —— — 28.7 
1961 19.1 6.1 —— 25.2 —— 28.5 • • —. — 53.7 
1962 20.3 5.5 2.4 —— 28.2 10.7 —— 25.8 — —  64.7 
1963 17.2 4.6 2.7 24.5 7.2 24.3 0.1 W 56.1 
1964 22.2 6.5 3.7 32.4 5.1 0.5 17.4 0.1 —— 55.5 
1965 24.0 7.0 3.7 0.1 34.8 7.2 1.0 14.0 0.4 57.4 
1966 23.7 7.3 3.7 34.7 8.3 4.6 13.3 0.4 2.0 63.3 
1967 16.2 4.1 20.3 —— 4.8 11.0 0.6 4.0 40.7 
1968 25.4 7.0 32.4 3.3 9.2 0.5 4.0 49.4 
1969 27.2 7.5 4.4 39.1 11.1 —— 3.4 0.5 3.9 58.0 
1970 26.1 7.4 3.9 37.4 15.7 —— 0.1 —— 3.9 57.1 
1971 14.1 4.1 18.2 13.5 2.1 • — — 3.8 37.6 
1972 24.4 7.3 4.9 — 36.6 20.1 2.0 3.3 62.1 
1973 6.0 2.0 1.4 — — 9.4 7.4 —— —— •• — 2.8 19.6 
1974 — 
— 
—— 2.4 2.4 
1975 
— — —— 2.4 2.4 
1976 — — —— —— —— • — —  «— 2.1 2.1 
1977 — — — —— —— 
1978 6.1 1.4 0.8 —— 8.3 —— mmmm 8.3 
1979 2.9 0.9 0.7 4.5 — — «II 4.5 
^Source: (12, 51, 55, 56). 
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began also as a land retirement program similar to the crop programs 
of the 1960s. 
In addition to land retirement, the U.S. has used public storage 
programs, domestic food programs and publicly assisted food exports as 
price support and supply control mechanisms. The Public Law 480 legis­
lation was one means of solving the surplus farm commodity problem. 
This program was initiated to liquidate the huge stocks of surplus 
grain in the United States and thereby reduce the cost of storage C25). 
The combined effect of supply control and demand expansion allowed CCC 
stocks to decline over the 1960s and early 1970s from their record 
highs in the 1950s (51). But, since 1973-74, the program was allowed 
to wither and with food demand rising around the world, the U.S. viewed 
agricultural products not as "give away" items, but as a way of earning 
the foreign exchange needed to pay for imports including high-priced 
crude oil. In the late 1970s, the surplus farm production in the U.S. 
reappeared with its added affects of price and income suppression. 
Land set-aside programs for selected crops were again instituted. 
With the U.S. domestic market now interfaced directly with inter­
national markets, natural disasters in other parts of the world as well 
as international politics directly influence agricultural supply and 
prices in the U.S., for example, the grain embargo to the U.S.S.R. in 
January 1980. Hence, basic questions arise with respect to the future 
capacity and structure of U.S. agriculture: What amount of farm land 
should be retired under some projected future domestic and export 
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demand levels to improve prices of farm products and income levels in 
agriculture to make it more comparable with other sectors of the 
economy in 1985? What farm employment and capital investment are in 
prospect? What balance of crops and livestock production are in prospect? 
This study has been made to provide possible answers to these and 
related questions. It evaluates the nation's food supply, labor and 
capital needs and the expected prices of farm products in 1985 under 
a given land set-aside policy for projected levels of population, personal 
disposable income and a given level of technology for the year 1985, 
Previous Studies 
Economic analyses basad on linear programming models in a spatial 
context originate from formulations by Samuelson C37) and Enke (14), 
The development of large capacity computers, together with the mathe­
matical programming models, have made empirical studies possible over 
the past few decades. 
The outstanding examples of these research efforts were the first 
of a series of linear programming models completed with. Heady by Egbert 
(13), Brokken (3), Heady and Mayer (25), and Eyvindson (15). In 
general, the linear programming models of interregional competition 
determine optimal regional patterns of production, resource use, and 
transportation flows which minimize the total cost of the industry to 
meet the predetermined discrete levels of demand for desired commodities. 
However, this class of models requires a^ priori knowledge of prices and 
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quantities from outside the models. More general interregional compe­
tition models than the linear programming models can be formulated by 
nonlinear types of models. These determine a set of equilibrium 
prices and a set of equilibrium quantities supplied and demanded in 
addition to optimal locations of production and transportation. The 
results from linear programming spatial studies, for example, minimize 
the cost of meeting fixed levels of demand, and these are consistent 
with equilibrium conditions only when the demand equations are inde­
pendent and perfectly inelastic. However, as the degree of inter­
dependence between commodities in consumption or between activities in 
production is increased, the nonlinear spatial economic model becomes 
more relevant. 
Quadratic programming models are special types of nonlinear pro­
gramming models. Those studies from which the current study evolved 
are the second of the series done in cooperation with Heady by Plessner 
(36), Hall et al. (20, 21), Stoecker (40), Chen (4), and Olsen et al. 
(34). These studies are based on models incorporating the concept of 
maximizing net profit. Alternatively, Takayama and Judge (42) formu­
lated a similar model based on the concept of net consumer surplus 
maximization. Theoretically, Takayama and Judge and Plessner and 
Heady (36) have demonstrated that solutions from carefully constructed 
quadratic programming models are consistent with prices and quantities 
associated with a competitive equilibrium. The existing simplex, 
pivoting algorithm for quadratic programs developed by Van de Panne and 
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Whinston (74, 75) has been programmed by Soults et al. (38) at Iowa 
State University to solve up to 3550 total constrains in empirical 
studies. 
The Present Study 
Several events of the past and recent origins have compounded the 
uncertainties in the future of the agricultural industry in the United 
States. The continued reoccurrence of overproduction coupled with 
depression of prices and Incomes of farm commodities, uncertainties 
about energy supplies in the future and, thus, rising energy costs, 
demonstrations of many farm organizations for higher parity prices, and 
the recent turbulent naturs of international politics that has led to 
grain embargoes to the U.S.S.R. are just a few examples of problems 
that agricultural policy makers in the U.S. face In the future. 
Pressures for public policies relating to restrictions on the use of 
resources, controls of effluents, production controls and higher price 
supports for farm commodities are being felt greatly. The current 
change in public policy emphasis towards agriculture underscores the 
need for methods of policy analysis which can be initiated before pro­
posed policy analysis are put into effect with unknown consequences. 
In the light of these problems, several models of policy analysis 
for U.S. agriculture have been built and used to provide some clues to 
the direction of future agriculture. The present study is an exten­
sion of several studies in quadratic programming models built for 
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agricultural sector analyses in cooperation with Heady (4, 19, 36, 40) 
at Iowa State University. 
The objectives of the present study are: (1) to determine the 
equilibrium farm level prices and associated quantities demanded for 
the principal crops and livestock products of U.S. agriculture in 1985 
and to determine the extent of and the geographic distribution of 
potential capacity of U.S. agriculture under a free market system; and 
(2) to estimate the impact of a ten percent land set-aside policy on 
total U.S. agricultural land on these equilibrium values. The second 
objective is the prime objective of the study. 
The structure of the programming model used is adapted from the 
basic quadratic programming model developed by Hall (.19), Stoecker (40), 
and Chen (4). Most of the data are therefore borrowed directly from 
these studies and updated to the time horizon of the current study. 
Seven land resources are defined in the study; (a) cropland, (b) 
cropland plus hayland, (c) pasture, (d) irrigated cropland, (e) irri­
gated cropland plus hayland, (f) cotton land, and (g) wild hayland. 
The estimated quantities of these lands are used as the maximum poten­
tial acreages for crops. Crop production is defined in 103 nonirrigated 
areas comprising all the 48 contiguous states in the continental U.S., 
including the District of Columbia. In addition, ten irrigated crop-
producing areas are defined for the 17 western states. Under the land 
set-aside policy objective, ten percent of the total agricultural land 
in each crop-producinp, area is retired leaving the ninety percent as the 
allowable maximum potential acreage for crop production. 
15 
CHAPTER II: QUADRATIC PROGRAMMING MODELS AND COMPETITIVE 
EQUILIBRIUM IN AGRICULTURE 
Mathematical programming in various forms has been developed and 
applied to different types of problems in the last few decades. The 
general nature of mathematical programming involves the determination 
of the minimum or maximum numerical value of some mathematical expres­
sion in some restricted space. A special case of this is linear 
programming. Linear programming is by far the most widely used optimi­
zation technique. It deals with the problem of determining feasible 
plans which are optimal with respect to a certain agreed-upon linear 
objective function and satisfies certain restrictions which are usually 
in the form of a system of linear inequalities. 
In economic analysis, linear programming has been used extensively 
in problems involving spatial and(or) time allocation of goals and 
resources among several others. Linear programming is primarily used 
to find optimal quantities, however, aside from shadow prices, data 
regarding prices of these quantities are exogenously determined. For 
an individual firm in a competitive market, price is given, and he can 
sell any quantity produced at this market price. As such, linear pro­
gramming gives him a reasonable solution for the allocation of his 
resources. However, for aggregative firms or the industry as a whole, 
price is not fixed because the industry demand curve slopes downward, 
hence, a method other than linear programming is needed to determine 
endogenously both price and quantity and give the relationship among 
them. 
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Nonlinear progranuning provides such flexibility in reflecting real 
world situations. In addition to conventional linear problems, sloping 
demand curves, discontinuities, nonconstant returns-to-scale and other 
nonlinear problems are amenable to solution with nonlinear programming. 
Among the different forms of nonlinear programming, quadratic program­
ming is the most widely used. As a hybrid of linear and nonlinear 
models, quadratic programming has the ability to optimize an objective 
function that contains both linear and quadratic terms subject to linear 
constraints. This characteristic makes quadratic programming more use­
ful in approximating real world situations than linear programming 
by determining both prices and quantities of commodities endogenously. 
The assumption of fixed demands in linear programming is a restric­
tive assumption that limits the empirical usefulness of the results in 
a particular study. The elimination of such assumption^ initially 
required to solve the model, meant a lengthy and expensive iterative 
procedure. Takayama and Judge (42) developed an alternative method 
which eliminates the Iterative procedure and solves the equilibrium 
problem by means of concave programming and by quadratic programming 
when the behavioral equations are linear, 
Plessner and Heady (.36) continued this development with multi-
product agricultural markets for which single product markets are a 
special case. Since the original formulation of a quadratic program­
ming model to solve nonlinear equilibrium problems, several applications 
have been developed. Hall (19) extended the Plessner (35) model to 
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Incorporate the livestock sectors of the U.S. agricultural economy. 
Stoecker (40) further improved the Hall formulation and used the model 
to obtain a normative solution for the year 1980. Several other studies 
have been done with this quadratic programming model involving different 
U.S. agricultural policy analysis (4, 33, 34). 
Even though quadratic programming models have now been widely used 
for competitive partial equilibrium solutions, computational efficiency 
and theoretical integration may still be improved for large scale models 
as compared to the efficiency attained in linear algorithms. 
Self-Dualism in Quadratic Programming 
Several properties of linear programming models carry over in the 
nonlinear model in which quadratic programming is a special case. The 
work of Plessner and Heady (36) is followed closely in the formulation 
that follows. Defining a primal linear programming problem as; 
minimize f(x) = c'x (2.1) 
subject to: Ax < b (2.2) 
X > d (2.3) 
X > 0 (2.4) 
where: 
X = nxl vector of production activities, 
c = nxl vector of cost associated with production activities, 
b = mxl vector of resources, 
A = mxn matrix of production coefficients, 
d = nxl vector of final commodity demands, 
the objective is to find the most efficient regional allocation of 
production for an array of final demands d. The solution of this model 
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represents the result of competition among producers, and the optimal 
will be denoted as f(x). Once d Is specified, competition among pro­
ducers would lead to the result obtained In solving the above problem, 
provided the farm sector meets the assumptions underlying the produc­
tion sector (36). Suppose the above model Is applied to the economy as 
a whole. Further suppose that the demand system for consumer goods Is 
given by: 
d = d(p) (2.5) 
where p is the price vector listing prices of all final commodities. 
If we know p, the market equilibrium price, then we could simply compute 
d = d(p). Such knowledge is usually not available and hence p must be 
Identified. To do this, the dual of the above model may be considered as; 
maximize g(u, w) = -b'u + d'w (2.6) 
subject to A'u - w -c (2.7) 
u, w 2 0 (2.8) 
where u and w are the vectors of shadow prices of the resources in b and 
the commodities in d, respectively. It can be shown that if (u, w) solves 
the dual problem such that w = p, then d = d. Let the optimal solution 
of the dual be represented by g(w, u), From basic linear programming 
theory, we know that if firms face prices w and u, the quantities x will 
be produced, and, given the quantities x, prices w and u will result. 
The primal and dual problems can further be combined as follows; 
maximize g(u, x, w) = d'w - c'x - b'u (2.9) 
subject to: Ax ^  b (2,10) 
w - A'u < c (2.11) 
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~x < -d (2.12) 
u, w, X 2 0 (2.13) 
The objective function is now to maximize net producer profit subject 
to resource constraints, nonpositive pure profit, and minimum production 
levels (i.e. supply ^  demand), and the usual nonnegativity constraints. 
By the duality theorem of Hadley (18) 
g(x, u, w) <_ 0 for all feasible (x, u, w) 
g(x, u, w) = 0 where (x, u, w) is 
optimal solution. The constraint equations of the problem (primal-dual 
problem) are characterized by skew symmetric coefficient matrix, thus 
making the feasibility space that Tucker (46) and Goldman and Tucker 
(17) refer to as self-dual. Denoting the optima as (x, u, w), it could 
be shown that these optimal values are the same as those from the primal 
and dual problems. 
In the primal problem, the minimum production levels can be con­
sidered as levels of demand determined from outside the model. In the 
dual problem, the production levels can also be described as the levels 
of demand. If demand is now described as a linear function of prices 
(2.14), a quadratic objective function (quadratic in prices) is obtained. 
Letting small letters denote vectors and capital letters denote matrices, 
let 
d = d^ + Dw (2.14) 
where, 
d = total demands at imputed prices 
dg = given demands (intercepts), 
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D = a negative seml-definlte matrix of linear demand slopes (D Is 
not required to be symmetric), and 
w =» vector of Imputed prices. 
Plugging (2,14) into the primal-dual problem and using Hanson's (22) 
duality theorem, we can obtain a quadratic formulation that Is self-dual 
as follows: 
maximize <j)(x, u, w) = d^ w + w'Dw - b'u - c'x (2.15) 
subject to: Dw - Ax < -d^  (2.16) 
Bx < b (2.17) 
A'w - B'u < c (2.18) 
w, u, X ^  0 (2.19) 
where d^ , D, and w are as previously defined. A and B are matrices of 
technical coefficients which describe the transformation of each of the 
primary resources through the production activities Into a set of final 
quantities demanded. The vector c contains the exogenous costs associ­
ated with each of the production activities. The vector b Is the avail­
able primary resources while u is the value Imputed to these resources. 
The vector x is the calculated levels of production of the various 
activities. The coefficient matrix, (2.16) through (2.18), is skew 
symmetric. I.e. it is equal to the negative of its transpose, except 
for the matrix D, so we have a quadratic self-dual system. 
The objective function (2.15) maximizes net producer profit. 
Furthermore, the objective function is quadratic in prices; it is the 
sum of a linear form and a negative semldefinlte quadratic form. Linear 
forms are both concave and convex; negative semldefinlte quadratic forms 
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are concave. Consequently (2.15) is concave and any maximum will be 
global. Because of the constraints put on the model, the net producer 
profit will be optimal at zero. This is apparent since we know that 
if marginal cost (MC) is greater than marginal revenue (MR), no activity 
will come into the solution, and if MR>MC, the activity can be increased 
until MR=MC. Constraint (2.18) says that the value of an activity cannot 
exceed the exogenous cost of that acitivty plus the imputed value of 
the primary resources used for that activity. Constraint (2.16) allows 
supply to be equal or greater than demand, but not less than demand. 
Constraint (2.17) puts a limit on the amount of primary resources 
available. Constraint ('2,19) is the usual nonnegativity requirement. 
Taken together, constraints (2.16) to (2,19) describe the equilibrium 
conditions of a competitive market in the long run. 
Optimization of a Self-Dual Quadratic Model 
In the last section, the structure of a self-dual quadratic program­
ming model was described. Knowledge of the theory of linear program­
ming optimization was assumed in the presentation. More detailed 
theoretical discussion of quadratic programming models could be seen 
in (1, 18, 39, 41, 44). Most quadratic programming codes require 
input data in some variation of Lagrangian constraint set. The term 
Lagrangian constraint set refers to the set of first partial derivatives 
obtained by differentiating the Lagrangian function of a particular 
problem with respect to both structural and Lagrangian variables, 
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(2.21) 
Given the model represented by (2.15) to (2.19), the Lagranglan 
function can be written as follows; 
maximize L = d'w + w'Dw - b'u - c'x - V'(d + Dw - Ax) -
o w o 
V^ (.-b + Bx) - V^ (-c + A'w - B'u) (2.20) 
The Lagrangian constraint set is given by 
3L/9w = d^  + (D + D')w - D'V^  - AV^  < 0 
3 L / 9 u  =  - b  +  B V  < 0  
X — 
3L/3X = - C  + AV - B'V <0 
w u — 
3L/9V = -d - Dw + Ax > 0 
wo — 
3L/3V  ^= b - Bx > 0 
3 L / 3 V  = C - A ' W + B ' U > 0  
X — 
Further, if w, u, x, V , V , V >0 are optimal values, then 
w u X — 
3L/3w • w = 0 
3L/3U • u = 0 
3L/3X . X = 0 
3L/3V t V = 0 
w w 
3L/3V . V = 0 
u u 
3L/3V^  . = 0 
Conditions (2.21) and (2.22) are the necessary conditions which charac­
terize an optimal solution of a quadratic programming problem and are 
called the Kuhn-Tucker conditions, developed by Kuhn and Tucker (31) 
in 1951. The Kuhn-Tucker conditions are also sufficient if (2.20) is 
a concave quadratic problem or simply if D is negative semidefinite. 
(2 .22)  
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Using Takayama and Judge's (42) formulation of competitive equilib­
rium, Stoecker (40) condensed the size of the overall programming matrix. 
The Takayama and Judge constraint matrix with Kuhn-Tucker conditions 
is identical to the initial Stoecker constraint matrix before the Kuhn-
Tucker conditions are applied. The search for competitive equilibrium 
was regarded as coincident with the maximization of the net consumer sur­
plus in the Takayama and Judge (41) formulation. However, Yaron, Plessner 
and Heady (76) have pointed out that the concept of net consumer surplus 
maximization cannot be extended to include nonsymmetric demand matrices 
since the required integration cannot be performed and, as such, the 
objective function is not defined. Stoecker (40) has shown that the 
search for competitive equilibrium in the Takayama and Judge formulation 
is a search for the price and quantity where supply equals demand and, 
therefore, the supply and demand curves may be expressed as a set of 
nonexact differential equations making D nonsymmetric. 
Self-dual programs are an exception to most nonlinear programs. 
The optimal solution of a self-dual problem, like linear programming, 
always occurs on an extreme point of the initial constraint set. For 
self-dual quadratic programs, the optimal extreme point solution holds 
if the quadratic form is strictly definite or semidefinite (5, 6, 7, 8, 
11). Soultz et al. (38) have developed an algorithm named 
Zorilla that is presently used in solving quadratic programs, Zorilla 
is based on the simplex method of solving quadratic systems as designed 
by Van de Panne and Whinston, 
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CHAPTER III. A MODEL FOR U.S. AGRICULTURE IN 1985 
In the previous chapter the theory of quadratic proRramming was 
summarized. The requirements and conditions for optimization are 
presented as they relate to the aim of this chapter. In this chapter, 
a national quadratic model for U.S. agriculture in the year 19.85 is 
presented. This study draws heavily on four previous dissertations: 
Plessner (35), Hall (19), Stoecker (.40), and Chen (4), Several 
articles also serve as partial basis (20, 21 24, 36, 76). 
Assumptions and Definitions 
The 48 contiguous states and the District of Columbia are divided 
into ten spatially separated markets called consuming regions as shown 
in Fig. 3.1. These ten consuming regions- are further subdivided into 
103 producing areas as shown in Fig, 3.2, The 17 western states are 
divided into ten irrigated crop producing areas shown in Fig. 3.3. 
Following convention, agricultural commodities used in or produced 
by activities are classified into three major groups according to 
their use. These classes are primary, intermediate and final (or 
desired commodities). Primary commodities are resources required 
in production processes as inputs. Intermediate commodities are pro­
duced as output within the model and are used for further production. 
Desired commodities are those used for final consumption. Table 3.1 
lists the commodities in the model by these classes. 
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Figure 3,3, Location of irrigated crop producing regions. 
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Table 3.1. Classification of commodities. 
Final or Desired Intermediate Primary 
Cattle Feed grains* All cropland 
Calves Oilmeals All hayland 
Hogs Roughage Irrigated cropland 
Fluid milk Feeder calves Irrigated hayland 
Manufactured milk Yearlings Wild hayland 
Wheat j Cotton land 
Vegetable oils Pasture 
Com for food Beef cow capacity 
Oats for food Milk cow capacity 
Barley for food Fed beef capacity 
Sheep and lairibs Hog capacity 
Chicken and turkeys 
Eggs 
Cotton lint 
F^eed grains include corn, oats, barley. and grain sorghum for feed. 
S^oybean oilmeal and cottonseed oilmeal. 
E^vaporated and condensed milk, cheese, ice cream, and butter. 
S^oybean oil, cottonseed oil, and other food oils. 
Crop production is defined on the producing area level and on the 
irrigated area level. Livestock production is defined on the consuming 
region level. Producers of a commodity within an area or a region are 
assumed to be homogenous in their use of technology. The crop and live­
stock production activities constitute a constant technology matrix and 
these activities are assumed technologically independent. 
Transportation is defined between the ten consuming regions for 
specific final and intermediate commodities. Com, oats and barley for 
food are assumed to be perfect substitutes for corn, oats and barley for 
28b 
feed, respectively, and vice versa as noted by Chen (4). Wheat can 
also be used as a feed source. Demand can be satisfied by production 
within a region andCor) through shipments of commodities from outside 
the region. Feed exogenous to the model can be purchased by the 
appropriate activity in the model. Inputs exogenous to the model are 
considered to be unlimited in quantity and at a given price set. 
A crop activity is defined for a producing area if 1000 acres or 
more of that crop was reported in the area in 19,64. The set of possible 
crop activities is: (a) wheat, (b) com, Cc} oats, (d) barley, (.e) feed 
grains (com, oats, barley and grain sorghum), (.f) feed grain-soybean 
rotation, (g) feed grain-silage rotation, and (h) hay-silage rotation. 
Irrigated crop activities are defined similarly. Cotton production 
activity is defined for a region if cotton was grown in that consuming 
region in 1953. 
A livestock activity is defined for a consuming region if 1000 or 
more units of that activity were reported in that region on an annual 
basis between 1959 and 1968. The set of possible livestock activities 
includes: (a) beef cow production, (b) fluid milk production, Cc) manu­
factured milk production, Cdl hog production, Cel yearling calf produc­
tion, (f) eastern deferred-fed cattle, Cg) southern deferred-fed cattle, 
(h) cattle on extended silage, (i) yearlings on silage, (j) calves on 
silage, and (k) yearlings with no silage. Hens and chickens, broilers 
and turkeys, and sheep and lamb activities are defined at the national 
level. 
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The Mathematical Model 
The structure of the programming model used in this study draws from 
the following previous dissertations: Plessner (35), Hall (19), Stoecker 
(40) and Chen (4). Also, several articles including Yaron et al. (76), 
Plessner and Heady (36), Heady and Hall (24), and Hall et al. (20) serve 
as partial basis in the development and formulation of the model. 
Based on the assumptions of the model described in the previous 
chapter, the mathematical model is outlined below, but first let us 
define the terms and notations used. Subscripts and/or superscripts are: 
h = producing area = 1, 2,,.,, 103 
k = consuming region = 1, 2,..., 10 
d = desired commodity = 1, 2,..,, 14 
1 = intermediate commodity = 1, 2,,,,5 
s = sùbstitutable commodity between intermediate and desired 
commodities =1, 2, 3 
j = primary commodity = 1, 2,.,,, 11. 
The terms are: 
tr  ^  ^ txk 
p , w , p , U = vectors of imputed prices for desired, intermediate, 
® sùbstitutable and primary commodities, respectively, 
in region k or area h. 
hk X = vector of production activities in area h for crop production 
and in region k for livestock production, 
D = a matrix of demand slope coefficients with the vector of inter­
cepts, d. D is negative semideflnlte but not necessarily 
symmetric, 
Ic 
= transfer activity for food grains to feed grain markets, 
Zg = transfer activity for feed grains to food grain markets, 
1c 
z = transfer activity for converting feed grains into the nnits 
of TDN and protein by a conversion matrix, Ac» for livestock 
production. 
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e and e = vectors of exogenous demands for Intermediate and sub-
® stltutable commodities, respectively. 
r^  ^<= vector of primary resources In area h or region k. 
A^ ,^ A^  ^= matrix of technical coefficients relating prl-
®  ^ mary resources and other Inputs Into Intermediate 
and desired commodities through production or 
transfer activities x and z In area h or region k. 
c^  ^= vector of unit activity costs for Intermediate and desired 
commodities In area h or region k. 
kk' kk' kk' Qj , Qj , q = vectors of Interregional shipment levels of de-
® sired, Intermediate, and substltutable commodi­
ties, respectively, from k to k' where k ^  k'. 
tjj t., t = vectors of transportation costs for those desired, Inter-
® mediate, and substltutable commodities, respectively, 
for which transportation is defined. 
Iclc ^ Iclc ^ Iclc ' 
TJ , T. , T = transportation matrices for the respective 
® commodities. 
To keep the mathematical exposition as simple and clear as possible, 
area and regional subscripts and superscripts are ignored. The mathemati­
cal model is then expressed as: 
maximize f(p,w,pg,u,z^ ,z2,z2,qj,q^ ,qg) (.3.1) 
= p(d + Dp) + w'e + p'e - u'r - x'c - qlt, - qît. - q't 
 ^ s s d d 1 i s s 
subject to: Dp - A^ x + z^  - Zg - T^ q^  £ -d (3.2) 
- A^ x - A^ Zg - T^ q^  < -e (3.3) 
- AgX - Zi + Zg - =3 - Ts^ s - . (3.4) 
A'x < r (3.5) j -
A'p + AÎW + A'p - A'u < c (3.6) d 1 s s j — 
-p + Pg =0 (.3.7) 
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A'w - p 
c s < 0 (3.8) 
< t (3.9) d 
< t (3.10) 
w 
< t 
s 
(3.11) 
(3.12) 
The objective function (3.1) for the national model maximizes net 
aggregate producer profit in the agricultural sector. It consists of 
revenue from sale of desired commodities plus value of intermediate com­
modities minus transportation costs. The objective function (3,1) is 
concave and is the sum of linear and quadratic terms since the matrix D 
is negative semidefinite. Constraint (3.2) states that the supply of 
desired commodities must be equal to or greater than the demand for 
desired commodities. Constraints (.3.3) and (.3.4) state that the supply 
of intermediate and substitutable commodities must be greater than or 
equal to the demand for intermediate and substitutable commodities, 
respectively. Constraint (3.5) states that there is a limited supply 
of primary resources and no more than this maximum can be used in 
production. Constraint (3,6) can be rewritten as: 
These satisfy the condition that marginal revenue be equal or less than 
marginal cost plus rent of primary resources for desired, intermediate 
and substitutable commodities. 
A'p + A'w - A!U < c 
d'^  i J — 
(3.6a) 
A'p - A'u < c 
s s J — i s 
(3.6b) 
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Equality constraints (3.7) Insure that com, oats and barley for 
food be perfectly substltutable for com, oats and barley for feed and 
that the prices which result from the interactions between these markets, 
p^  and p^ , be equal. Constraint (3.8) cannot be used to equate internal 
prices (A^ w) and final prices (p^ ) because of problems of internal 
prices being zero if there is excess supply. Chen (4) discusses this 
problem in depth. Constraints (3.9) through (3,11) are Samuelson's 
requirements for equilibrium in trade. They require that the price 
differentials between each pair of regions can differ at most by the 
unit cost of transportation. 
Mathematically, the model formulated is a typical quadratic program­
ming problem. The linear constraint set, (3.2) through (3,11), is 
convex, and if this constraint set is not empty, then there exists an 
optimal solution to the problem that is also a global maximum. The 
conditions for optimality in quadratic programming are discussed in the 
previous chapter. Taking these conditions and the affirmative test 
for the D matrix being negative semidefinite, the self-dual property 
described in Chapter 2 can be seen in Table 3,2. The coefficient matrix 
is skew symmetric except for the submatrix D. 
The optimal solution to f simultaneously determines: (a) a set of 
equilibrium prices, p*, p*, w*; (b) the associated demand quantities, 
d + Dp*» (c) a set of rental prices for primary resources, u*; Cd) the 
distribution of production among producing areas or regions, x*; Ce) 
the equilibrium levels of transfer and transportation flows, z*, z*, 
Table 3.2, Structure of the present model in the programming tableau format. 
Primal Variables 
EES 
Final 
Inter­
mediate 
Substi-
tutable Primary 
Langrangian Variables 
Commodity Commodity Commodity Commodity Production Transfer 
Prices Prices Prices Prices Activities Activities 
w u 
Transportation 
Activities 
—d > 
o — 
-e > 
-A, 
-A. 
-I 
-A 
-T. 
-T, 
-e > 
s — 
r > 
c  ^
0 > 
0  ^
0 > 
t > 
s — 
-I 
I 
""d 
4 
A' 
c 
A' 
s 
I 
-I 
-I 
T' 
S 
-AJ 
-A 
-A, 
-I -T 
w 
u> 
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z*, q*, q* and q*; and (f) the quantity and location of unused land and 
unused livestock capacities. 
Under conditions (3.2) through (3.11), prices are such that profits 
on all production and transfer activities in the final solution are zero. 
However, resources receive their market rate of return. Profits on all 
interregional commodity shipments are also zero and prices on land and 
livestock capacities exceed zero if these resources are not idled. These 
characteristics simulate the profit maximization for a representative 
firm. Moreover, the presence of the concept of maximizing the aggregate 
net profit in (3.1) represents a centralized decision-making process 
and thus leads to a competitive equilibrium solution for the model. 
Data in the Model 
A considerable amount of analysis is required to generate demand 
and production data for the many commodities used in the model. 
Coefficients need to be estimated for each, activity in each area or 
region. In the proceeding sections, only a general outline of the 
estimation procedures and changes made to adapt the model to be repre­
sentative of 1985 situation are discussed. Details on the development 
of data and coefficients are contained in Hall (.19), Stoecker (40) and 
Chen (4). 
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Demand Data 
In 1961, Brandow (2) published a set of direct and cross-price 
elasticities of demand for 28 major U.S. farm commodities. The demand 
for each commodity was described as a function of Its own price, prices 
of the other 27 commodities, consumer Income and the Index of nonfood 
prices. Further adjustments were allowed for growth In population, 
changes In consumer tastes and Increases in consumer Income, Stoecfeer 
(.40) applied Brandow's estimates of elasticities and derived a set of 
linear demand equations for 13 desired commodities for each of 10 con­
suming regions, retaining all the other parameters of the Brandow system. 
In the present study, time trends (shifts In the demand equation 
Intercepts) affected by changes In tastes are revised using Stoecker's 
reestlmatlon equations. The equations used take the following form; 
9it = ''it + Vt (3.13) 
which can be rewritten as 
''it = ""it - Vt 
= a^  + a^ T + e^  (3.14) 
where. 
q^  ^= total quantity of the i-th. commodity demanded in year t, 
d^  ^= demand equation intercept of the i-th commodity in year t, 
D^  = the i-th row of the demand matrix, D, 
= set of prices, consumer incomes and Index of nonfood prices 
in year t, 
T = time trend, and 
a^ , a^ , e^  are parameters. 
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The equations were based on the conversion of Brandow's elasticities 
to slopes using 1975 prices and quantities. The estimated national 
demand matrix and intercepts corrected for exports are given in Table 
3.3. 
Demand equations for three desired commodities , namely, sheep and 
lamb, chicken and turkeys, and eggs,, are specified at the national level. 
The demand for cotton lint is also fixed at the national level. Demand 
equations for the remaining ten commodities are specified for each of 
ten consuming regions. Demand matrices for the k-th consuming region 
are derived as follows ; 
= W^ D (3,15) 
where, 
B^  = 13 X 13 matrix of demand slopes for consuming region k, 
= proportion of total population in the k-th consuming region 
as given in Table 3.4, 
D = national demand matrix (Table 3.3), 
The regional demand equation intercepts are derived in a similar manner 
except that regional intercepts are adjusted for regional differences 
in personal disposable income as follows; 
d^  = w^ Cd + d^ (,I^  - l"G)) (3,16) 
where, 
d = vector of regional equation intercepts, 
d = vector of national domestic demand intercepts, 
d^  = 10 X 1 vector relating changes in personal disposable income 
to quantity demanded at national level, 
Table 3.3. National farm-level demand for food use 1985; Slope coef­
ficients showing the effect of a one-unit change in the 
farm price of the commodity at the head of a column on the 
demand for the commodities at the left and national inter­
cept terms. & 
Coram. b CA CF HG FM MM OL WH 
CA -•1022.3259 34.3058 56.6759 0.0840 8.7770 0.1918 0.1509 
CF 24.0979 -57.1695 6.2009 0.0050 0.5194 0,0114 0.0089 
HG 75.0505 11.5707 -221.3732 0,0439 4.5795 0,1001 0.0786 
FM 0.3912 0.0389 0.1156 -8.7955 0.8793 0.0063 0,0011 
MM 0.6390 0.0637 0.1890 0.4840 -87,2363 1,1693 0,0044 
OL 0.1916 0.0191 0.0567 0.0293 3,6537 -1,6399 0,0011 
WH 41.1538 4.1066 12.1785 6,2950 8,7744 0,5594 -4.4408 
CN 20.1825 2.0133 5.9721 3,0860 2.2084 0,2742 0.4456 
OT 1.5222 0.1519 0.4506 0.2328 0.7946 0,0207 0.0303 
BY 0.2626 0.0345 0.0777 0.0401 0.1371 0,0039 0.0005 
SL 36.3455 5.6037 12.7763 0.0046 0.4781 0.0104 0.0082 
CT 5.1740 0,5159 1.5315 0.7918 2.2468 0,0425 0.0294 
EG 49.9088 7.6939 17.5470 0.0189 1.0559 0.0332 0.0338 
C^ommodity units are as.follows: cattle, calves, hogs, fluid milk, 
manufactured milk, oil, sheep and lambs and poultry meat in cwt; wheat, 
com, oats and barley in bu; eggs in hundred dozen. All prices in 1975 
dollars per quantity unit are given above. Quantity changes are in 
10,000 units. 
C^ommodity codes: CA, Cattle; CF, Calves; HG, Hogs; FM, Fluid Milk; 
MM, Manufactured Milk; OL, Oil; WH, Wheat; CN, Corn; OT, Oats; BY, Barley; 
SL, Sheep and Lamb; CT, Chicken and Turkey; EG, Eggs. 
1980 intercept for calves is used to avoid some computation 
problems. 
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Comm b CN OT BY SL CT EG Intercept 
CA 0 .1323 0.0217 0.0024 15.1499 1.0487 143.8464 66728.700 
CF 0 .0067 0.0013 0.0001 1.6091 0.0642 15.5845 -361.396 
HG 0 .0587 0.0113 0.0013 6.8912 0.5660 66.2565 18664.200 
FM 0 .0009 0.0002 0.0000 0,0116 0.0234 0.2078 3996.440 
MM 0 .0033 0.0006 0.0001 0.0190 0.0348 0.3396 6102.670 
OL 0 .0008 0.0002 0.0000 0.0057 0.0085 0.1899 1169.110 
WH 0 .6096 0.1173 0,0131 0.1226 2,5019 21.8707 4371.960 
CN --8, .7116 0.0575 0.0064 0.0602 1,2268 10.7260 5187,560 
OT 0, .0226 -1.0822 0.0005 0.0045 0.0926 0.8091 630.913 
BY 0, .0039 0.0007 -4.6567 0.0008 0,0160 0.1396 1482.880 
SL 0, .0061 0.0012 0.0001 -48.8349 0.0591 22.3514 1622.520 
CT 0, ,0220 0.0043 0.0005 0.1546 -26.0547 2.7505 6116.520 
EG 0. ,0253 0.0049 0.0005 3.2263 0.2435 -379.7938 15057.300 
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Table 3.4. Projected population and personal disposable income^  by 
consuming regions for 1985^ . 
Personal 
1985 Disposable 
Population Population Income (1985) 
Region (mill.) Proportions. .(Per Capita) 
NE 57890 0.245 8176,30 
AP 22759 0.096 7110.48 
SE 24541 0,104 6997,29 
DE 9176 0,039 6279,69 
CB 36697 0.156 7980.44 
LS 19089 0,081 7845,76 
NP 5386 0,023 7309,29 
SP 17814 0,075 7088,46 
MT 11868 0.050 6938,70 
PA 30809 0,131 7881,98 
USA^  236029 1,000 7618,00 
M^easured in 1975 dollars, 
S^ource (62, 63). 
4^8 states plus Washington, D.C. 
I = expected personal disposable income per capita for region k 
measured in 1975 dollars. 
expected average personal disposable income per capita for all 
48 states plus the District of Columbia measured in 1975 dollars. 
The national demand matrix, D, is partitioned into the submatrices below: 
R^  = 
R D 
n 
C3.17) 
for k = 1, 2,..., IQ 
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where, 
1, 
D = 10 X 10 matrix measuring the effect on regional demand in 
 ^ terms of regional prices, 
C = 10 X 3 matrix relating the effect of national prices to 
quantities demanded in region k, 
k R = 3 X 10 matrix relating the effect of prices in region k to 
national demands, and 
k k 
D  =3x3 siibregion demand matrix Csummation of D over K equals D ) . 
n n n 
k k k C ; R and D are necessary due to the specification of demand for three 
commodities or commodity aggregates on the national level. 
The derivation of the demand system in (3,17) implicitly assumes 
that the demand system in the k-th region is proportional to the national 
demand matrix in (3.151 and (3,16). This treatment does not imply that 
quantities demanded in the k-th region will be proportional to the 
national quantities demanded; price variation between consuming regions 
prevent that. This treatment, however, ignores regional differences 
in consumer preferences. 
The domestic demand for cotton lint is set at 15 pounds per capita 
or 7.1 million bales national total. Net commercial export for cotton 
lint is set at 4.0 million bales in 1985 using the National Interregional 
Agricultural Projections (NIRAP) projection for cotton lint export 
under moderate demand and supply conditions in the U,S, 
The demand for a desired commodity is allowed to be satisfied by 
production in any region using the available transportation activities. 
Production within a consuming region first satisfies that region's demand 
without any transportation costs. 
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Exports 
Exports in this model are defined as net exports (i.e. total com­
mercial exports less imports). For the present analysis, the export 
level of commodities are fixed at the NIRAP Series II Scenario II pro­
jections for 1985 under moderate demand and moderate supply conditions. 
Table 3.5 presents the fixed export quantities assumed. Allocation of 
net exports among ports and thus consuming regions Is based on historical 
patterns of shipments through these ports. The regional quantities are 
then added to the appropriate intercepts in the regional demand matrices. 
Table 3.5. Assumed levels of export for 1985,^  
Commodity Unit Net Export^  
Cattle lbs. -2667.2 
Hogs lbs. -656.5 
Milk lbs. -103.0 
Wheat bu. 1475.0 
Corn bu. 1607.0 
Oats bu. 12.2 
Barley bu. 39.7 
Vegetable Oils lbs. 18235.4 
Cotton bales 4.0 
Feed Grains bu. 1856.6 
S^ource: (61). 
N^et exports are in million units. 
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Exogenous Feed Demand and Supplies 
The model includes only the major livestock activities and thus 
leaves out a portion of feed demand. Feed requirements for certain 
classes of livestock, such as horses, mules, etc. which are exogenous 
to the model, have been estimated by Brokken C3i, The estimates of 
pasture and feed in these categories are treated as fixed negative 
supplies in the appropriate rows, (e^  rows-1, of the demand intercept 
vector. Pasture requirements for these classes of livestock are sub-r 
tracted from the pasture supply constraints in each region. 
Some feed is available from sources other than feed grains and 
oilmeal produced within the model, Fishmeal, linseed meal, rice, mill 
feeds, corn gluten meal, wheat bran and middlings, and brewer's by­
products, for example, are available from various sources, Brokken 03) 
and Eyvindson (15) estimated national supply and costs for purchasing 
these exogenous feeds. Purchasing activities are constructed in the 
present model to allow the transfer of exogenous feeds from national 
to regional supplies where they can be used by livestock producing 
activities. Table 3.6 gives the estimated national supplies and 
assumed nutrient contents of the exogenous feeds used in the model. 
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Table 3,6. Estimated national supplies and assumed nutrient contents 
of exogenous feeds. 
Exogenous 
FeedC 
Quantity* 
(.1000 tons I. 
TDN^  
(percent) 
Protein^  
(percent) 
498 76.9 36.9 
2^ 
2,676 70.5 55.0 
3^ 1,898 77,0 28.0 
11,568 69.1 18.0 
S^ource; (31, 
S^ource; (15). 
= oilmeals other than soybean and cottonseed oilmeals. 
F2 = animal protein feeds, 
F^  = grain protein. 
F, = other. 
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Land Base and Rotation Weights 
Land resources in the continental United States are defined as 
cropland, cropland plus hayland, irrigated cropland, irrigated cropland 
plus hayland, wild hayland, pasture, and cotton land. Cropland is 
defined as the total 1964 acreage of wheat, all corn, oats, barley, 
soybeans, sorghum (grain, silage, and forage) and cotton plus estimates 
of cropland idled by wheat, feed grain and cotton programs. Cropland 
plus hayland is defined as cropland (as defined above) plus the 1964 
acreages of alfalfa, clover, timothy, lespedeza, grain hay, and other 
hay. These two land resources are defined on the producing area level. 
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Irrigated cropland and irrigated cropland plus hayland are defined 
similarly to nonirrigated land except the acreages are adjusted to 
include land brought under irrigation through 1969 and estimates of 
new irrigated land from Bureau of Reclamation projects scheduled for 
completion by 1980 C34). Irrigated land use is distributed to the 
producing areas within each Irrigated region by a fixed proportion. 
Let a^  be the proportion of irrigated cropland in the i-th producing 
area within a region. Within a region, the sum of a^  over a,ll areas 
cîi is equal to one. Let a^  be the proportion of irrigated cropland plus 
irrigated hayland in the 1-th producing area within a region. The sum 
cli 
of a^  over all producing areas within a region is also set equal to 
one. The irrigated crop activities are designed to remove land from 
the regional land resource and also a^  proportion of cropland and a^  ^
proportion of cropland plus hayland from each producing area included 
in the irrigated region. An acre of irrigated wheat, for example, 
requires one acre of irrigated cropland and one acre of Irrigated 
cropland plus hayland. Each acre of irrigated wheat withdraws its 
per acre pasture yield from the regional pasture constraint and with­
draws also a^  acres of cropland and a^  ^of cropland plus hayland from 
each of the producing areas in that irrigated region. The general 
relationships between land resource categories is presented In Table 
3.7. This table Illustrates how various activities are set up in pro­
ducing area 1, consuming region j, and irrigated region k, 
Wild hayland is the 1933 harvested acreage of wild hay. The year 
1953 Is chosen because it is the last year in which wild hayland and 
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Table 3.7. The general relationships between land resource categories. 
Activities 
Irrigated Irrigated 
Grain in Hay in Grain in Hay in Cotton in 
Land Resource Area i Area i Region k Region k Region j 
Total Pasture Supply^  AUM^  AUM AUM AUM 
Cropland^  1 c i^ af 
c 
ca^  
Cropland plus Hayland^  1 1 c i^ af 
c 
"i 
Irrigated Cropland^  1 
Irrigated Cropland 
plus Hayland^  1 1 
Cotton Landj 1 
Grain Supply Row b -gy -gy 
Roughage Supply Row -hy -hy 
Cotton Supply Row •^ cy 
T^his AUM is the amount of available pasture lost when a crop pro­
ducing activity uses the said amount of land. 
T^he yields (gy, hy, and cy) are symbolic and will vary with region 
and type of production, 
cotton acreages were not significantly influenced by government programs. 
Pasture is measured in animal unit months (AUM) available for livestock 
production in each of - the ten livestock producing regions. Pasture 
includes woodland pasture, permanent pasture, improved permanent pasture, 
cropland pasture, unimproved permanent pasture and aftermath pasture. 
In addition, all land resources except wild hayland are assumed to 
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produce pasture if not used for crop production. Each consuming region, 
therefore, has a total AUM amount which is decreased as crop production 
takes place in that region. Cotton land is the 1953 acreage in each 
consuming region. The regional cotton land acreage is distributed 
among producing areas by a fixed proportion based on the 1964 distri­
bution of cotton acreage. The requirements of an acre of cotton are 
similar to that for irrigated crops outlined above using ca^  as the 
proportion of cotton land in producing area i. 
With each crop defined singly as an activity, the programming 
model has the tendency to produce only one crop in each producing area. 
To overcome this, activities are defined to give joint products of 
crops. Feed grain is an example of such activities. The relative 
proportions (rotation weights) of each individual crop in the feed 
grain activity and other crop rotation activities are based on the 
total acreage of each crop in each area from the 1964 Census of 
Agriculture. The rotation weights used in the model are presented 
in Tables A.4 through A.7 of the appendix. 
Crop Yield Projections 
Crop yields for 1985 are based on historical trends adjusted 
for changes in the proportion of acreages under irrigation and for 
changes in fertilization practices. Projection yield coefficients 
used in the present model were made by Stoecker (.401 using 1949-69 data 
for trend analysis. Fertilization practices analyzed were the 
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proportion of the crop acreage receiving fertilizer and the quantity 
of fertilizer applied per acre fertilized. 
The general method used in the development of yield projections 
begins with a series of the Splllman production function for the 
various crops at the state level capable of projecting crop yields to 
the future. For each crop in each state, the projection function is 
specified as 
X 
Yj. = Y° + A(1 - R )Pj. (3.181 
where, 
= estimated average yield per acre in year t, 
Y° = estimated average yield per acre on unfertilized land in year 
t, developed from simple linear trend function, 
A = potential response obtainable from fertilization, assumed 
constant, 
R = ratio of successive marginal products, assumed constant at 
0.8 for all crops, 
X = optimal quantity of fertilizer applied to an acre of land 
in year t, 
= proportion of acreage receiving fertilizer in year t, developed 
from simple linear trend of proportion of crop acreage receiv­
ing fertilizer, and 
t = years after 1949. 
Since R is held constant the unit of fertilizer used is redefined 
by dividing the total pounds of elemental nitrogen (N), phosphorus CP), 
and potassium (K). by a factor (jux) which Ibach and Adams C291 obtained 
by regression, i.e., 
Xj. = (N^  + P^  + K^ )/(.ux) C3.19) 
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Equations (.3.18) and (3.19) provide information to recalculate crop 
yields when the nitrogen restriction is given in the model. 
In Equation (3.18), A and R are held constant and hence the term 
X 
A(1 - R *") represents the potential response from fertilization alone. 
The response to factors other than fertilization is observed from 
Y° = - A(1 - R^ *^ ) 
= a^  + a^ T + e^  (3.20) 
where Y° can be estimated by a simple time trend regression, Y° in 
(3.20) represents the average yield per acre on unfertilized land as 
well as increases in yield due to technical changes over time other 
than fertilization. The optimal fertiliser application rates are 
specified as follows : 
&n(P . /P i) - &nA - £n(-£nR) 
ES (3-21) 
where, 
X* = optimal number of fertilizer units to be applied, 
5.n = natural logarithm operator, 
 ^^  = weighted price of unit of fertilizer lagged one period, 
P^  ^  ^  = price of unit of crop c lagged one period, and 
A and R are the same as in (3.18). 
Equation (3.21) represents an estimate of the optimum application 
of fertilizer derived from the marginal conditions of a profit maximiza­
tion system adjusted for the proportion of optimality that farmers are 
projected to be using. In the optimization system, it is assumed that 
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farmers make their decisions based on lagged crop and fertilizer prices. 
However, given that A and R are held constant, changes in crop and 
fertilizer prices do not account for all increased application of 
fertilizers. The projected optimal fertilization application rates 
are, hence, further adjusted by a factor G^ , which is defined as the 
ratio of actual (X^ ) and optimal (X*) levels of application and is 
estimated from a simple time trend regression equation C3.22), 
x: 
t^ X* " ^o 1^^  ®t (3.22) 
b, > 0 
1 — 
Crop yield projections at the state level under specified prices are 
then obtained by evaluating equations (3.18) through (3.22), 
Next, a Spillman production function is specified for every crop 
activity defined in each of the 103 producing areas and in each of the 
ten irrigated areas. Stoecker (40) presents the details of the procedure 
for projecting irrigated crop yields. 
Basically, the production function is obtained by aggregating 
over individual functions defined by the parts of the Ibach and Adams 
(29) subregions that Intersects with each crop producing area in the 
model. 
Livestock-Producing Activities 
Livestock production activities for beef cows, hogs, dairy and 
beef feeding are defined for each of the ten consuming regions. National 
production activities are defined for hens and chickens, broilers and 
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turkeys, and sheep and lambs. The list of all possible livestock activi­
ties defined in the model is given earlier in this chapter. 
Fluid milk and manufactured milk are supplied from milk cows. 
Nongrain-fed cattle are supplied from Cai animale culled from beef cow 
herds and from milk cow herds and vealed dairy calves, and (b) slaughter 
of yearling and feeder calves. A calf-slaughter activity permits the 
use of 400-pound feeder calves, while a yearling-slaughter activity 
permits the use of 700-pound yearlings raised from 400-pound feeder 
calves. 
The nationally defined production activities restrict the analysis 
of these activities to the determination of production and prices at 
the national level. However, this specification provides more flexi­
bility than if the activities were exogenous to the model. Each. 
national activity withdraws feed (TDN, protein and roughagesl from each 
consuming region in accordance with historical distributions of that 
activity between 1963-65, 
Four classes of livestock production capacities are defined: hog 
capacity, milk cow capacity, beef cow capacity, and beef feeding 
capacity. The hog capacity and milk cow capacity for a given consuming 
region are defined as the maximum number of hogs and milk cows, respec­
tively, in the annual Inventory of that region between 195S-1973, 
Estimates of beef cows and fed beef capacities are based on time trend 
of Inventory numbers in each region between 1959 and 1973. Livestock pro­
ducing activities are limited in size by these capacities besides land in 
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the ten livestock-producing regions. The actual feed requirement per 
unit of production for each live animal is adjusted from the 1963-65 
levels as given in the USDA series on Livestock and Meat Statistics 
(47), Feed requirements and milk production per cow are estimated 
recursively to provide consistent projects of relations between feed 
input and milk output. 
Cost Data 
In a typical linear activity analysis, the quantity of each input 
required per activity unit is specified. For certain inputs, their 
values are determined from within the model as shadow prices. These 
inputs, for example, land, are endogenous to the model. However, if 
the value of certain inputs are specified and these inputs are purchased 
from outside the model, then the value of such Inputs is exogenous to 
the model. The inputs falling into exogenous categories for the crop 
activities defined in this model can be divided into three major groups; 
(a) labor, (b) fertilizer, and (c) other capital costs. 
Labor costs are projected by using an index developed by Stoecker 
(40) and used to project per activity labor costs from a regression 
function of farm size and lagged capital inputs. Fertilizer costs 
are calculated from the production functions described earlier. The 
capital, excluding fertilizer and labor, includes costs for fuels, repairs, 
depreciation and interest as applicable to buildings, tractors, trucks, 
and other farm machinery, and other items such, as insurance, irrigation 
fees, pesticides, marketing charges, etc. 
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Eyvindson (15) devoted extensive effort to development of cross 
section estimates of exogenous costs required per activity unit for 
the year 1965, Updating Eyvindson*s estimates, Stoecker (40] developed 
a set of time series cost equations in terms of ratios for the purpose 
of making cost projections to 19.80, using 1963-65 average prices. 
For this study, Stoecker's cost projections are adapted and updated 
to 1975 prices, using the index of prices paid by farmers for production 
items with farm and nonfarm origin in the United States from the Crop 
Reporting Board of USDA. The principal source of data besides Stoecker 
is Chen (4). 
Transportation Data 
A transportation system is available from outside the agricultural 
sector and an activity for transportation is defined for the following 
commodities : 
Cattle 
Hogs 
Manufactured milk 
Oils 
Wheat 
Com 
Oats 
Barley 
Feed grains 
Oilmeals 
Feeder calves 
Yearling cattle 
The central cities in each region used for estimating transportation 
costs are listed in Table 3,8, The transportation costs for any route 
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Table 3.8. Central cities in the consuming regions for transportation 
purposes. 
Region Central City. 
Northeast Boston, MA 
Appalachla Richmond, VA 
Southeast Atlanta, GA 
Delta Jackson, MS 
Corn Belt Burlington, lA 
Lake States Minneapolis, MN 
Northern Plains Grand Island, NE 
Southern Plains Waco, TX 
Mountain Salt Lake City, UT 
Pacific , .San Francisco, CA 
are a function of the mileage between central cities and a mileage charge 
that varies from one route to another. Mileages between central cities 
are rail mileages; mileage rates are rail mileage bloc rates. For 
commodities whose demand is specified only at the national level, trans­
portation activities were not defined. Also, certain transportation 
activities have not been included because of little chance of their 
occurrence in the actual transportation network, for example the ship­
ping of wheat from Iowa to Kansas. Transportation costs between the 
central cities are based on rail mileage estimated by Eyvlndson (15). 
Except for oils, mileage rates are rail mileage block rates also based 
on Eyvlndson. The basis for the mileage rates for oils is provided 
by Thompson (.45). 
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CHAPTER IV, RESULTS AND DISCUSSION 
In this chapter, results from two quadratic programming models of 
the U.S. agriculture are presented. Model I reflects U.S. agriculture 
in 1985 without any governmental controls on practices, methods, or 
habits. It does not include price supports, export controls and set-
aside programs. The solution from Model I is hereafter referred to as 
Solution I. The second model, Model II, is identical to Model I in 
data and programming technique except that in Model II, ten percent 
of all land is taken out of crop production as a land set-aside policy. 
The solution from Model II is hereafter referred to as Solution II, 
In presenting the results of a large scale model, it is rather 
difficult to present all the information available from the solution 
output. Hence, the highlights of Solution I and Solution II will be 
presented with emphasis on the variables that are considered most 
relevant to the policy implications of the models. Wherever possible, 
the solution results will be compared to actual 1968-70 and 1974-76 
data to give some reasonable indication of trends in real U.S. agricul­
ture compared with the solution results. 
National Results 
The estimated equilibrium prices received by farmers and the associ­
ated quantities demanded for the U,S. agricultural sector in 19.85 from 
the two optimal solutions to Model I and Model II are presented in 
Table 4.1. The calculated values of production for selected commodities 
Table 4,1. Estimated national equilibrium prices, total domestic con­
sumption, and per capita consumption for selected, on-the-
farm commodities for 1985, Solutions II and I. 
1985 Solution II 1985 Solution I 
Per Per 
Domestic Capita Domestic Capita 
Consump- Consump- Consump- Consump-
Price tion tion Price tion tion 
Commodity Unit ($/cwt)(mill cwt) (lb) ($/cwt)(mill cwt) (lb) 
Cattle Lbs. 38, .70 335 .50 142, .20 37 .49 344 .50 146.0 
Calves Lbs. 45. 02 - — 44 .33 — — 
Hogs Lbs. 25. ,57 180 .90 76, .60 23 .23 184 .20 78.0 
Fluid Milk Lbs. 5. 23 360 .40 152. 70 4 .99 362 ,00 153.4 
Man. Milk Lbs. 4. ,39 315 .10 133. 50 4 .10 331 .40 140.4 
Oils Lbs. 71. ,42 20 .10 8. ,50 60 .76 34 .75 14.7 
Sheep & Lambs Lbs. 31. 16 22 .90 9. ,70 30 .61 22 .10 9.4 
Eggs^  Doz. 39. 83 56 .00 23. 70 36 .99 56, .50 23.9 
Poultry Lbs. 17. 36 117 .30 49. 70 16 .49 119, .50 50.6 
Cotton Lbs. 39. 60 35 .40 15. 00 39 .10 35. 40 15.0 
($/bu) (mill bu) (bu) ($/bu) (mill bu) (bu) . 
Wheat Bu. 3. 19 793, .20 3. 40 2, .72 774. 50 3.3 
Corn Bu. 1. 86 675, .28 2. 90 1. ,56 668. 20 2.8 
Oats Bu. 0. 87 77, .95 0. 30 0. ,75 77. 20 0.3 
Barley Bu. 1. 79 142. 74 0. 60 1. ,52 143. 80 , 0,6 
S^ources: (64, 65, 66, 67, 68, 69, 70, 71, 72, 73). 
U^nit is in million hundred dozens. 
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Actual 1968-70* Actual 1974-76* 
Per Per 
Domestic Capita Domestic Capita 
Consump­ Consump­ Consump­ Consump­
Price tion tion Price tion tion 
Commodity Unit C$/cwt)(mill cwt) CJLb) C$/cwt)(mill cwt) . (lb) 
Cattle Lbs. 25.60 376.51 188.9 33.87 353.02 165.3 
Calves Lbs. 31.20 — —  — 33.33 9.02 4.2 
Hogs Lbs. 21.13 211.47 106.1 41.63 198.96 93.2 
Fluid Milk Lbs. 5.86 554.62 278.9 9.20 520.33 243.7 
Man. Milk Lbs. 4.46 591.50 296.0 7.77 621.33 291.0 
Oils Lbs. 11.03 71.36 35.8 24.50 78.38 36.7 
Sheep & Lambs Lbs. 25.87 10.83 5.5 42.37 10.00 4.7 
Eggs Doz. 37,23 53.94 26.5 54.83 49.90 23.4 
Poultry Lbs. 16.10 133.80 66.0 24.80 146.28 • 68.5 
Cotton Lbs. 22.86 40.50 20.0 52.66 31.59 15.2 
($/bu)(mill bu) (bu) ($/bu) (mill bu) (bu) 
Wheat Bu. 1.28 520.00 2,6 3.77 544.0 2.5 
Corn Bu. 1.15 378.0 1.9 2.70 477.0 2.2 
Oats Bu. 0.61 45.00 0.2 1.48 41.0 0.2 
Barley Bu. 0.91 120.00 0.6 2.53 136.0 0.6 
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and comparison with actual values of production for 1974-76 
are presented in Table 4.2. The estimated 1985 competitive equilibrium 
prices received by farmers and quantities of final goods demanded for 
each consuming region are presented in Tables A.l and A.2 of the Appendix. 
Prices of desired commodities 
In general, the estimated prices for desired commodities obtained 
for 1985 were higher in Solution II, the land set-aside policy model, 
than those in Solution I, the free market model. This result is expected 
since the idea of a set-aside policy,or any production control policy 
in that matter, is to cause prices to increase. The prices of crops 
and crop products increased the most (Table 4.3). The price of corn, 
barley, wheat and oats increased by 19 percent, 18 percent, 17 percent 
and 16 percent, respectively, from Solution I to Solution II, while 
the price of vegetable oils, which is obtained mostly from soybeans and 
cotton seeds, increased by 19 percent also. The values of production 
of all these commodities also went up significantly from Solution I to 
Solution II, rising by 27 percent for oats, 18 percent for wheat, 16 
percent for corn and barley, and 10 percent for vegetable oils. 
Prices of livestock and livestock products, however, were not 
affected as much as those for crops and crop products by the set-aside 
policy in 1985. Hogs, cattle, sheep and lamb, and poultry prices in­
creased by 10 percent, 3 percent, 2 percent, and 5 percent, respectively, 
while price of eggs increased by 8 percent. The value of production of 
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Table 4.2. Value of production for selected commodities for two 1985 
solutions and comparison with average 1974-76 actual values. 
% Change 
1985 1985 1974-76* From 1980 
Sol. I Sol. II Actual Sol. I to 
(mill (mill (mill Actual 
Commodity 1975 $) 1975 $) 1975$) 1974-76 
Cattle 11916 11954 13918 -14 
Hogs 4127 4458 7509 -45 
Dairy 3114 3222 6216 -50 
Wheat 6120 7236 7007 -13 
Com 7029 8132 14442 -51 
Oats 636 807 917 -31 
Barley 613 714 869 -29 
Sheep & Lamb 677 712 295 +129 
Eggs 2090 2231 2967 -30 
Chicken & Turkey 1970 2037 3524 -44 
S^ource: C57). 
Table 4,3, The net change and net percentage change in prices, per capita 
consumption, and value of production for selected commodities 
from Solution I to Solution II in 1985. 
Commodity Unit 
Price 
C$) % 
Per 
Capita 
Consump­
tion % 
Value of 
Produc­
tion 
(mill $) % 
Cattle Lbs. .01 3 -3,8 -3 38 
Hogs Lbs. .03 10 -1.4 -2 331 8 
Fluid Milk Lbs. .02 4 -0.7 —— 77 4 
Man. Milk Lbs. ,03 7 -6.9 -5 32 2 
Veg. Oil Lbs. .11 18 -6.2 -42 1267 10 
Wheat Bu. .47 17 +0.1 +3 1116 18 
Com Bu. ,30 19 +0.1 +4 1103 16 
Oats Bu. ,12 16 0.0 0 171 27 
Barley Bu. .27 18 0.0 0 101 16 
Sheep & Lamb Lbs. .01 2 +0.3 +3 35 5 
Chicken & Turkey Lbs. ,01 5 -0.9 -2 67 3 
Eggs Doz, .03 8 -0,2 -1 141 7 
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cattle remained fairly constant, but those for the other livestock and 
livestock products rose between two and eight percent indicating lower 
gains than crops and crop products with the set-aside policy. 
Farm products on the whole have very low price elasticity of demand, 
as such a reduction in supply significantly affects prices and conse­
quently farm income. Withdrawing land from production causes supply 
of farm output, especially crops, to decline. The reduction in output 
then causes prices to go up, and with the low price elasticity of de­
mand for farm products in general, the rise in price causes expenditures 
on these products to go up and thus farm incomes to rise. 
The welfare implication of the set-aside policy is two-fold. 
Farmers gain through higher prices and incomes from their reduced 
production. Even though consumer expenditures on food goes up, the cost 
of a land retirement policy is much lower than other compensation poli­
cies in agriculture ("26) because public storage cost, for example, is 
highly reduced or eliminated and, therefore, the society as a whole 
gains. Also, the land released from production could be put to other 
uses. 
Prices estimated in both 1985 solutions are higher than 19.68-70 
actual averages and compare reasonably to the 1974-76 average prices. 
Wheat price of $3,19 in 1985 Solution II compares favorably with the 
actual 1974-76 average price of $3,77, Corn, oats, and barley prices 
in Solution II are all projected to be lower than the average 1974-76 
prices CTable 4,1). 
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The national equilibrium price of vegetable oil, $60.76 and $71.42 
in Solution I and Solution II, respectively, in the present study are 
much higher than the 1968H70 average price of $11.03 and the 1974-76 
average of $24.50. The higher price is in part due to the higher pro­
jected export of 18,235.4 million pounds in 19.85 from assumed oil equiva­
lent of soybean and cottonseed compared to 7039 million pounds in 1970 
and 8946.4 million pounds in 1976. 
Meat and poultry consumption 
The per capita consumption of all meat and poultry products in 1985 
is higher in the free market model. Solution I than in Solution II. 
This is due mostly to the effect of higher prices of these commodities 
in Solution II relative to Solution I. The per capita consumption of 
cattle is 146 pounds liveweight in Solution I and 142.2 pounds in Solu­
tion II. These are both lower than the 1968-70 and 1974-76 actual average 
consumption of 188.9 pounds and 165,3 pounds liveweight, respectively. 
In a similar manner, the per capita consumption of hogs and poultry for 
both 1985 Solutions is lower than the 1968—70 and 1974—76 actual averages. 
These are consistent with the general trend of declining consumption 
of meat and poultry products in the 1970s in the U.S. (figure 4.1). 
However, the total domestic consumption of sheep and lamb which averaged 
10 million cwt. in 1974-76 is projected to increase to 22.1 million cwt. 
in Solution I and 22,9 million cwt, in Solution II by 1985. This repre­
sents over 100 percent increase in total domestic consumption of sheep 
and lanib in 1985 over the 1974-76 average thus indicating a relative 
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Figure 4.1. Per capita food consumption. 
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shift in taste from other meat and poultry products. The per capita 
consumption of sheep and lamb for Solutions I and II is 9.4 pounds 
and 9.7 pounds, respectively, compared to 5.5 pounds in 1968-70 and 4.7 
pounds in 1974-76. 
The projected per capita consumption of eggs in Solution I and 
Solution II are 23.9 dozen and 23,7 dozen, respectively. These compare 
favorably to the 1974-76 average consumption of 23.4 dozen, but are 
all lower than the 1968-70 average of 26.5 dozen per capita. 
Consumption of dairy products 
The estimated consumption of fluid milk and manufactured milk 
is 153.4 pounds and 140.4 pounds per capita in Solution I and 152.7 
pounds and 133.5 pounds per capita, respectively, in Solution II for 
1985. These are far less than the average 1968-70 and 1974-76 corre­
sponding per capita consumption values CTable 4.1). The national 
equilibrium prices are $4.99 per cwt. and $4.10 per cwt., respectively, 
for fluid and manufactured milk in Solution I and $5.23 per cwt. and 
$4.39 per cwt. in Solution II. These prices compare favorably with the 
1968-70 averages but fall far short of the average 1974-76 prices of 
$9.20 per cwt, for fluid milk and $7,77 per cwt, for manufactured milk. 
There is a 45 percent decline in the consumption of dairy products 
(fluid and manufactured milk) per capita in 1985 Solution I compared 
to 1974-76. This indicates that the downward trend in the per capita 
consumption of dairy products more than offsets the effect of decline 
in dairy prices since the 1974-76 average prices are much higher than 
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Figure 4.2a. Per capita consumption of selected livestock products. 
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the estimated 1985 prices. Figure 4.2a however, indicates that the 
per capita consumption of dairy products in the United States has been 
declining since the 1970s. 
Consumption of vegetable oils 
The per capita consumption of vegetable oils in 1985 is estimated 
at 14.5 pounds in Solution I and 8,5 pounds in Solution II. These 
figures are much lower compared to the 1968-70 and 1974-76 average per 
capita consumptions of 35.8 pounds and 36,7 pounds, respectively. The 
large reduction in estimated consumption is due to the rather high 
estimated prices in 1985. Historically, the per capita consumption of 
vegetable oils has been on the rise since 1960 (Figure 4.2b). This 
increased demand has been brought about by continued substitution for 
butter and lard as sources of fat. However, the upward trend in per 
capita consumption was not strong enough to offset the increase in 
price, hence, the domestic per capita consumption projected for 1985 
declined. 
Consumption of food grains 
The domestic consumption of wheat, corn, oats and barley for food 
and industrial use is summarized in Table 4,1, The projected per 
capita consumption of wheat, corn and oats in both 1985 Solutions is 
higher than the actual 1968^ 70 and 1974-76 averages. The consumption 
of barley, however, stayed fairly constant at the historical level of 
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Figure 4.2b. Per capita cons;umption of fats and oils. 
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0.6 bushels per capita in the two solutions. The projected increase 
in the consumption of food grains despite the high prices gives some 
indication of substitution of vegetable protein for animal protein In 
the future while general prices go up. Earlier on in this chapter, 
it was indicated that the consumption of livestock, dairy products, 
poultry and poultry products are all projected to decline in 
1985 following higher prices and a declining trend in their 
consumption. 
The Income elasticities estimated by Brandow (2) and used in this 
analysis were all assumed zero for food grains and positive for live­
stock and poultry products. This implies that an increase In domestic 
affluence or disposable personal Income does not affect consumption 
of food grains as much as they affect livestock and poultry products. 
Similarly, the demand equations for food and Industrial uses of grains 
in the model are highly inelastic (Table 3.3), therefore, increases 
in per capita consumption in the light of higher estimated prices repre­
sent changes or shifts In taste. This proposition becomes more clear 
if we compare the prices and consumption in the two 1985 solutions. 
The prices per bushel of wheat, com, oats and barley in Solution II 
are 17 percent, 19 percent, 16 percent and 18 percent, respectively, 
higher than those in Solution I but per capita consumption also in­
creased by 3 percent for wheat, 4 percent for com and remained the 
same for oats and barley in Solution II relative to Solution I, 
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Value of production 
The value of production of selected commodities in the model are 
presented in Table 4.2. Scanning through this table, it can be observed 
that the value of production of most commodities fall short of actual 
1974-76 average values. The difference is even much greater when we 
compare Solution values in the free market model (Solution I) to the 
actual 1974-76 averages. Com production and the dairy industry show 
the largest losses followed by poultry meat and hog production. Sheep 
and lamb production shows the only gain in advantage in 1985. This is 
due to the high projected increase in domestic consumption. 
However, with the 10 percent set-aside policy in 1985 (Solution II), 
the value of production of all the selected commodities improve over 
the Solution I values (Table 4.3). Food and feed grains show the highest 
gains ranging from 16 percent for corn and barley to 27 percent for 
oats comparing Solution II to Solution I. The gains in the values of 
production in the land set-aside policy model are due mostly to higher 
farm prices derived through production control. 
Consumption of intermediate products 
The total demand for TON Ctotal digestible nutrients), protein, 
roughages and pasture for livestock and poultry production and for feed 
grain export is summarized in Table 4,4. Between Solution I and Solu­
tion II, total utilization of TDN, protein, harvested roughages and 
pasture did not change much. This is because animal production stayed 
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Table 4.4. Estimated production and utilization of total digestible 
nutrients (TDN), protein, harvested roughage and pasture 
at the national level. 
19.85 Solution I Cunits are in 100,000) 
TDN Protein Roughage Pasture 
Utilization tons tons tons aum 
Beef cows 459 93 3779 30826 
Dairy 928 152 2964 3097 
Hogs 3470 228 —— 1021 
Fed beef 1580 745 2523 9927 
Sheep —— — — 
Eggs 594 109 124 —— 
Broilers 326 75 8 —— 
Exogenous & feed 
grain export^  4998 1793 — —  
Total Utilization 12355 3195 9398 44871 
Production 12355 3195 9398 44871 
1985 Solution II (units are in 100,000) 
Beef cows 459 93 3779 30826 
Dairy 914 150 2891 3070 
Hogs 3403 507 1006 
Fed beef 1415 199 2385 9657 
Sheep —— 
Eggs 572 105 120 
Broilers 305 70 8 —— 
Exogenous & feed 
grain export^  4933 1926 —— 
Total utilization 12001 3050 9183 44559 
Production 12001 3050 9183 44559 
A^nimal unit months. 
T^his includes feed for other livestock and oilmeals and TDN 
equivalent of feed grain for export. 
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fairly constant in the two 1985 solutions. As intermediate products, 
their demand is derived demand and, therefore, responds strongly to 
conditions in the final product (which is animal products) market. 
Since the demand for all animal products in Solution II declined slightly 
from Solution I, so did the demand for intermediate products. 
Land resource use 
The estimated amount of land uses in 1985 is presented in Table 4.5. 
The total demand for cropland in Solution I, the free market model, is 
225.7 million acres as compared to an average of 199 million acres used 
annually between 1968-70 and 361.3 million acres used in 1974 (57). The 
reduction in cropland in 1985 compared to the 1974 acreage is largely 
associated with higher projected yields per acre and also with increase 
in productivity from the optimal allocation of production in the 
solution. Under the level of cropland demand projected for 1985, 41.1 
million acres or 15.4 percent of the total cropland available is idle 
in Solution I. Figure 4.3 shows the distribution of this idled land 
in the 103 crop producing areas. Clearly, the concentration of idled 
land is in the Northern Plains, Appalachia, Delta and the Pacific state 
regions. For a total of 319 million acres of cropland plus hayland 
projected as available in 1985 Solution I, 248.7 million acres is used 
and 70.3 million acres or 22 percent is idled. Only 23 million acres 
out of the 52 million acres of hayland available is used in Solution I. 
With 10 percent of all agricultural land projected available in 
the U.S. taken out of production as a set-aside policy in 1985, the 
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Table 4.5. Estimated total cropland and cropland plus hayland available, 
acreage used and percent idle in 1985 for Solution I and 
Solution II. 
Cropland Cropland Plus Hayland 
Reg. Available Used % Idle Available Used % Idle 
(1000 acres) (1000 acres) 
Solution I 
NE 6,773 6,481 4,3 13,936 8,108 41.8 
AP 11,622 8,903 23.4 16,898 9,962 41.1 
SE 11,222 7,967 29.0 12,761 9,068 28.9 
DL 11,517 11,517 0.0 13,288 12,734 4.2 
CB 70,400 69,053 1.9 81,567 73,082 10.4 
LK 27,147 23,973 11.7 35,972 27,456 23.7 
NP 62,971 47,465 24.6 71,378 50,881 28.7 
SP 31,692 28,115 11.3 34,947 28,781 17.6 
MT 17,870 12,456 30.3 24,866 17,234 30.7 
PC 15,629 9,775 37.5 13,415 11,412 14.9 
US 266,842 225,705 15.42 319,028 248,716 22.0 
Solution II 
NE 6,09.5 5,832 4,3 12,542 7,452 40,6 
AP 10,459 9,727 7.0 15,208 10,783 29.1 
SE 10,099 8,473 16.1 11,484 9,556 16.8 
DL 10,365 10,365 0.0 11,958 11,645 2.6 
CB 63,359 63,287 0.1 73,410 67,354 8.3 
LK 24,432 23,703 3.0 32,374 26,967 16.7 
NP 56,675 54,992 3,0 64,240 58,513 8.9 
SP 28,522 27,461 3,7 31,452 28,113 10,6 
MT 16,082 12,373 23.1 22,379 16,612 25,8 
PC 14,065 8,79.7 37.5 12,073 10,319 14.5 
US 240,157 225,014 6,3 287,124 247,318 13.9 
100 
I 
• = 250,000 acres 
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Figure 4,3. Location of unused cropland in 1985, Solution I, 
100 
* = 250,000 acres 
• = Less than 200,000 acres 
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(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
to 
Figure 4.4. Location of unused cropland in 1985, Solution II, 
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demand for cropland and hayland in Solution II is not very different 
from Solution I. Nationally, total cropland demand decreases by only 
0.7 million acres from 225.7 million acres to 225 million acres in 
Solution II compared with Solution I. The demand for hayland in Solu­
tion II also decreases by 0.7 million acres from 23 million acres in 
Solution I to 22.3 million acres in Solution II. Figure 4.4 shows the 
location of idled land in Solution II. The pattern of land uses in 
Solution II changes from Solution I as seen in Figures 4,3 and 4.4. 
The demand for cropland in the Northern Plains, Appalachia and 
Southeast regions increases by 16 percent, 9 percent, and 6 percent, 
respectively, in Solution II compared to Solution I while it decreases 
in all other regions. These increases are explained by gains in compara­
tive advantage in the production of certain crops such as feed grains 
and soybeans in the Northern Plains and Appalachia regions and wheat 
and cotton in the Southeast region with the set-aside policy. 
Maximum irrigated cropland and irrigated hayland activities in 
1985 are restricted to 15,8 million acres and 23.3 million acres, 
respectively, in Solution I and 14.2 million acres and 21,0 million 
acres in Solution II. However, the demand for irrigated cropland and 
irrigated hayland are 9.3 million acres and 3.9 million acres, respec­
tively, in Solution I. In Solution II, the use of irrigated cropland 
increases to 9.7 million acres, i,e. six percent over the Solution I 
value while the amount of irrigated hayland used decreases by about 
seven percent to 3.6 million acres, 
74 
Crop production 
The estimated national acreages, production and average yields 
of crops in 1985 Solutions I and II and comparison with 1968-70 and 
1974-76 actual averages are given in Table 4.6. The average yields 
of all the crops in the 1985 model are projected to be higher than both 
the 1968-70 and 1974-76 actual averages. The projected higher yields 
are explained mainly by Increased fertilization, variety Improvements 
and location shifts among other things C40), Total acreages for the 
different crops in Solution I differ from the 1968-70 and 1974-76 averages 
because of changes in domestic and export demand for particular crops, 
optimal location in line with regional comparative advantages, changes 
in optimal livestock feeding rations and the projected yield Increases 
by 1985. Wheat acreage in the 1985 Solution I is 37 percent higher than 
the 1968-70 average acreage, but 13 percent less than the 1974-76 average. 
Soybean acreage in 1985 is estimated to be 50 percent higher and 21 
percent higher, respectively, over the 19.68-70 and 1974-76 comparison 
periods. However, feed grain (corn, oats, barley and grain sorghum) 
total acreage in the 1985 free market model is projected to be 13 percent 
lower and 19 percent lower, respectively, than both the 1968-70 and 1974-76 
averages. 
With the ten percent total land set-aside program in 1985 (Solution 
II), the total acreages of most of the crops Increases compared to the 
free market model (Solution I), Wheat acreage stays nearly the same, 
oats, barley, grain sorghum and harvested silage acreages increase by 
13 percent, 7 percent, 10 percent, and 12 percent, respectively, while 
Table 4.6. Estimated national crop acreages, production and average yields of selected crops for 
1985. 
Produc- Average Produc- Average Produc- Average 
Acreage tion Yield Acreage tion Yield Acreage tion Yield 
Crop^ (1000 ac)(mill bu) (bu/ac) (1000 ac)(mill bu) (bu/ac) (1000 ac) (mill bu) (bu/ac) 
1985 Solution I 1985 Solution II 
% change from 
Solution I to Solution II 
WH 66,442 2,250 34.0 66,767 2,268 34.0 0.0 +1.0 0.0 
CN^  51,023 4,506 88.3 50,178 4,372 87.1 -2.0 -5.0 -1.0 
OTh 14,001 848 60.6 15,796 928 58,7 +13.0 +9.0 -3.0 
BY^  9,014 403 44.7 9,671 399 41.3 +7.0 -1.0 —8.0 
GS^  10,494 614 58.5 11,497 673 58,5 +10.0 +10,0 0.0 
SB 62,676 1,886 30.1 58,632 1,749 29.8 -6.0 -7.0 -1.0 
SG 4,475 25^ 5.6d 4,991 24c 4.8d +12,0 -4.0 -14.0 
TH 23,012 73c 3.2^  22,302 70C 3.id —3,0 -4,0 -3.0 
WH 3,808 3C 0.8^  6,563 6C o.gd +72.0 +100.0 +13.0 
CT 7,587 4,934® 650.3 7,991 4,085® 623.8 +5.0 +1.0 -4.0 
C^ommodity codes: WH, Wheat; CN, Corn; OT, Oats; BY, Barley; GS, Grain Sorghum; SB, Soybeans; 
SG, Silage; TH, Tame Hay; WH, Wild Hay; CT, Cotton. 
T^ogether, com, oats, barley and grain sorghum constitute feed grains. 
U^nit is in million tons. 
n^lt is in tons per acre, 
n^it is in million pounds. 
Table 4.6. Continued 
Produc­ Average Produc­ Average 
Acreage tion Yield Acreage tion Yield 
Crop^  (1000 ac) (mill bu) (bu/ac) (1000 ac) (mill bu) (bu/ac) 
1968-70 Actual^  1974-76 Actual^  
WH 48,492 1.454 30.0 68,692 2,026 29.5 
CN^  55,970 4,438 79.3 67,917 5,549 81.7 
OT^  18,105 945 52.2 13,067 610 46.7 
BY^  9,671 424 43.8 8,466 355 42.0 
GSb 13,632 714 52.4 14,791 704 47.6 
SB 41,659 1,121 26.9 51,857 1,343 25.9 
TH 27,061 73 2.7 23,488 63 2.7 
WH 8,476 8 0.9 NA NA 
CT 10,788 4,992 462.7 10,758 4,873 453.0 
S^ource: (55, 56, 57). 
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corn and soybean acreages decline by 3 percent and 6 percent. Cotton 
acreage increases by 5 percent from Solution I to Solution II. The 
increases in acreages are explained by commitment of idle land into 
production by regions which had the most excess land capacity before 
the set-aside policy through their expectations of higher prices with 
the policy and through a gain in comparative advantage in the produc­
tion of certain crops. This is equivalent to the term 'slippage* used 
in supply control programs where farmers do not actually take too much 
productive land out of production and further increase productivity 
of land by Intensifying the use of chemical and biological inputs. 
Wheat acreage and production in Solution II increased due to increased 
use of wheat for feed. Corn and soybean production decline in Solution 
II because the regions with the most advantage in production, such as 
the Corn Belt, Delta and the Lake States, are affected the most by the 
set-aside policy. These regions were producing near land capacity in 
the free market model. Wild hay acreage increases by 72 percent in 
Solution II compared to Solution I, However, in Solution I there are 
only 3.8 million acres of wild hay and, therefore, the increase in 
Solution II does not significantly affect national land use. Cotton 
acreage and thus production increases slightly in Solution II mainly 
to compensate for the loss in soybean production since vegetable oils 
in the model are mainly composed of soybean oil and cottonseed oil. 
Tame hay acreage declines by 3 percent in Solution II. 
With the exception of corn, the acreages of all irrigated crops 
decline in Solution II compared to Solution I. Irrigated corn acreage. 
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however, jumps from 0.52 million acres to 1.59 acres, showing an increase 
of 206 percent from Solution I to Solution II. This increase is attrib­
uted partly to the increase in the use of com for food since most of the 
irrigated com produced in the model is used for food. 
However, whereas the acreages of most nonirrigated crops and 
irrigated corn increase with the set-aside policy, the yields per acre 
of all crops with the exception of wild hay either stay the same or 
decline in Solution II compared to Solution I. The yield declines 
are mostly brought about by shifts of crop production to regions not 
specialized for the specific crops traditionally. In most cases, 
the decline in yield is not large enough to offset the acreage increases 
by reducing total national production with the exception of barley and 
silage production. 
The estimated cost^  of labor, capital and fertilizer for crop 
production in the two 1983 solutions is given in Table 4,7, Labor 
cost and capital cost are projected to be $1.45 billion and $8.65 
billion, respectively, while fertilizer cost is projected as $13.56 
billion in Solution I. These costs are exogenous to the model because 
the prices of the inputs involved are predetermined even though the 
demand for exogenous Inputs depends on the optimal level of production 
in the solution. Total requirements of labor and fertilizer in Solution 
II both decline by one percent while the requirement for capital de­
creases by two-tenths of one percent from Solution I. The decrease in 
C^osts are in 1975 dollars. 
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Table 4.7. Estimated costs of labor, capital and fertilizer required 
for 1985 crop production measured in 1975 dollars. 
Labor Fertilizer Capital® 
Region (mill $) (mill $) (mill $) 
Solution I 
NE 62.0 539.2 371.3 
AP 55.3 775.8 504.8 
SE 38.2 555.7 389.5 
DL 147.3 1,166.1 829.7 
CB 478.2 4,546.0 2,631.9 
LK 161.6 1,332.0 781.0 
NP 232.9 2,256.1 1,480.3 
SP 106.2 1,169.9 832.9 
MT 72.4 552.6 429.2 
PC 96.5 664.6 402.2 
US 1,450.6 13,558.0 8,652.8 
Solution II 
NE 57.0 455.6 343.8 
AP 64.8 854.3 575,2 
SE 37.7 563.8 372.9 
DL 133.6 1,059.7 754.5 
CB 439.8 4,196.4 2,445.3 
LK 155.2 1,315.3 760.1 
NP 267.2 2,548.8 1,731.5 
SP 109.1 1,161.0 822.1 
MT 82.3 632.8 455.5 
PC 88.6 605.4 367.2 
US 1,435.3 13,393.1 8,628.1 
C^apital does not include fertilizer costs. 
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fertilizer requirements in Solution II partly accounts for the decline in 
average crop yields in the set-aside policy solution. 
Regional Results 
Regional allocation of crop production 
The estimated acreage of specific crops within each consuming 
region from two solutions of the 1985 programming model is summarized 
in Table 4.8. Estimated irrigated crop acreages in the 17 western 
states for 1985 are presented in Table 4.9, The estimated average 
yields of crops are given in Table 4.10 and Table 4.11. The range 
of rents for cropland, hayland and wild hayland is given in Table 4,12. 
The rental value of land (shadow price) within a producing area is 
zero if there is excess land in that area. It is important to note 
that the rental values of land in Solution II of the 1985 model repre­
sent the rents of remaining land after 10 percent of total land avail­
able is taken out of production as a land set-aside policy. The rental 
value for each type of land in each producing area is given in Appendix 
Table A.3. The interregional shipments of commodities are summarized 
in Table 4.13 and Table 4.14, 
Wheat 
The regional allocation of wheat acreage in Solution I substantially 
differs from the actual 1974-76 allocation (Table 4.15). Wheat acreages 
in the Com Belt, Appalachia and the Southeast regions are replaced 
by feed grain and/or soybeans. The Lake States and the Southern Plains 
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Table 4.8. Estimated crop acreages by consuming regions in 1985 for 
Solution I and Solution II and estimated feed grain acreage 
by consuming regions for Solution I and Solution II. 
Reg WH CN OT BY SB FG SG TH WH • CT 
(1000 acres) 
Solution I 
NE 1928 — —  487 1895 2439 224 1627 — —  —  —  
AP — — —  — —  4142 4596 168 1058 — —  —  —  
SE 3397 3749 138 1101 — —  683 
DL 264 4662 1588 98 1217 — —  4910 
CB — —  — —  216 32615 35239 524 4029 681 
LK 7597 — —  — —  220 7020 8514 839 3483 96 — —  
NP 20819 7118 17572 712 1803 2723 — —  
SP 15631 1830 5577 39 — —  329 
MT 8143 — —  — —  3695 —- 4216 98 4777 544 
PC 4914 — —  — —  1061 — —  1061 — —  — —  116 1312 
US 59295 — 5678 62676 84551 2838 19096 3808 7586 
Solution ! II 
NE 2174 1695 1743 223 1620 
AP —  —  — —  — —  36 4301 5340 87 1056 — —  -F- — 
SE 767 2746 3041 145 1083 1778 
DL 232 4195 1425 95 1280 4419 
CB — —  '— 206 29894 32366 520 4067 614 
LK 8968 — —  291 6258 7608 795 3264 309 — —  
NP 17366 8081 27456 869 2070 5177 — —  
SP 16520 1462 4917 45 — —  417 
MT 9736 — —  664 4252 114 4239 544 
PC 4423 — —  955 — —  1061 —  —  — —  116 1181 
US 60186 — 2151 58632 89209 2992 18679 6563 7992 
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Table 4.8. Continued 
Reg CN OT BY GS Total 
(1000 acres) 
1985 Solution I 
NE 953 873 609 -- 2439 
AP 4105 248 154 89 4596 
SE 3202 477 46 24 3749 
DL 1110 412 10 52 1584 
CB 28817 5675 453 294 35239 
LK 4620 3027 867 — 8514 
NP 6793 2281 1488 7010 17572 
SP 901 1008 632 3027 5577 
MT 521 — 3695 — 4216 
PC — — 1061 — 1061 
Net changes from Solution I to Solution II, 1985 
NE -99 -94 -499 — -692 
AP +383 +173 +166 +22 +744 
SE -598 -96 -8 -6 -708 
DL -111 -42 -1 -5 -159 
CB -2488 -468 +14 +69 -2873 
LK -498 -336 -72 — -906 
NP +1376 +2965 +4312 +1231 +9884 
SP +208 -338 -211 -310 -651 
MT 0 1 35 — +36 
PC —— —— 0 *""" —— 
83 
Table 4.9. Estimated Irrigated crop acreages by consuming regions in 
1985 for Solution I and Solution II. 
Total Wheat Com Silage Hay 
NP 
SP 
MT 
PC 
Total 
NP 
SP 
MT 
PC 
Total 
4754 
2393 
7147 
42Q3 
228 
215Q 
6581 
(1000 acres) 
Solution I 
521 
521 
Solution II 
1594 
1594 
1248 
294 
95 
1637 
1123 
287 
89 
1499 
1613 
666 
1637 
3916 
1452 
651 
1523 
3625 
Table 4.10. Estimated average crop yields (per acre) by consuming regions for Solution I and 
Solution II in 1985. 
Feed Grains 
WH CN OT BY SB SG TH WH CT CN OT BY GS 
igion (bu) (bu) (bu) (bu) (bu) Ctons)(tons)(tons) (lb) (bu) (bu) Cbu) (bu) 
Solution 1 I 
NE 36.6 — — 60.4 26.5 5.1 2.0 — — 82.9 63.6 53.3 —— 
AP — — — — 28.5 4.7 1.9 — — 73.9 52.7 49.0 65.7 
SE — 27.1 3.9 2.6 — 467.8 58.8 36.8 41.8 48.6 
DL 34.3 27.3 4.6 2.0 — 609.6 43.0 71.4 38.7 46.8 
CB — — — 56.0 33.3 5.7 3.5 — 585.5 100.8 69.7 43.7 95.2 
LK 41.5 — — 51.1 23.7 4.2 3.3 1.5 — 78.7 64.1 52.1 — 
NP 29.9 27.3 3.1 2.2 0.8 — 74.8 47.3 40.2 60.2 
SP 25.9 29.0 4.5 — 1.2 — 52.6 34.9 30.6 51.1 
MT 29.5 — — 43.3 — 5.3 2.7 0.9 — — — — — 
PC 36.1 — — 47.8 — — — 1.2 931.7 — — —— — 
US 31.0 — — 46.4 30.1 4.3 2.8 0.9 650.4 88.0 60.6 41.9 58.5 
Solution II 
NE 36.6 — »  • • •  — 26.5 5.1 2.0 — 82.9 63.6 53,3 — 
AP —— — — 55.5 28.7 4.7 2.1 — 72,9 50.7 52.3 64.6 
SE 38.7 27.1 3.9 2.6 — 467.8 58.7 36.8 41.7 48.9 
DL 34.3 — — — 27.3 4.6 2.0 — 609.6 43.0 71.4 38.7 46.8 
CB -- — — 56.0 33,1 5.6 3.5 — 585.5 100.4 69.1 42.2 92.9 
LK 41.0 — — 51.1 23.6 4.0 3.2 1.2 — 78.6 64.1 52.1 — 
NP 30.5 — — 26.5 3.0 2.2 0.8 — 72.6 49.2 37.6 57.8 
SP 26.1 — — 28.0 4.1 — 1.2 — 54.2 36.7 33.1 56.1 
MT 29.1 — — 43.3 — 5.1 2,7 0.9 — — 36.9 34.6 — 
PC 36.1 — — 47.8 — — — 1.2 — — . 4-
US 31.4 — -— 47.8 29.8 4.2 2,8 0.8 623.8 86.6 58.7 39.4 58.5 
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Table 4,11. Estimated average crop yields for irrigated crops by consume 
ing regions in 1985 for Solution I and Solution II. 
Wheat Corn Silage Hay 
Region Cbu) (bu) (tons) . (tons) 
Solution I 
NP 
SP 
MT 
PC 
Total 
NP 
SP 
MT 
PC 
Total 
54.3 
63.7 
57.4 
54.3 
61.4 
63.7 
57.6 
123.6 
123,6 
Solution II 
104.2 
104.2 
7.8 
6.0 
7.9 
7.5 
7.9 
6 . 0  
7.9 
7.5 
4.0 
6 . 2  
5.5 
5.0 
3.9 
6 . 2  
5.5 
5.0 
Table 4.12. Range of land rents by consuming regions.^  
Reg 
Cropland Rent Hayland Rent Wild Hayland Rent 
Solution I Solution II Solution I Solution II Solution I Solution I] 
($ per acre) 
NE 0.00-3.16 0.00-6.39 —— — 
AP 0.00-8.83 1.07-11.23 0.00-0.22 0.00-1.09 —— 
SE 0.00-4.77 0.00-7.39 0.00-0.35 0.00-0.76 —— 
DL 0.41-10.70 1.77-14.28 0.00-2.78 0.00-2.43 
CB 0.00-10.81 0,00-13.96 0.00-1.27 0.00-2.35 
LK 0.00-5.00 0.00-7.77 0.00-2.94 0.00-4.72 0.00-1.05 0.00-1.93 
NP^  0.00-6.76 0.00-9.98 0.00-0.300 0.00-4.86 0.00-0.60 0.00-1.11 
SP^  0.00-3.32 0.00-5.78 0.00-2.01 0.00-3,91 0.00-4.37 0.00-5.52 
MT^  0.00-6.75 0.00-3.68 0.00-6.48 0.00-8.61 0.00-0.35 0.00-0.45 
PC^  0.00-9.02 0.00-10.81 0.00-1.82 0.00-1.80 0.00-0.64 0.00-0.66 
Measured in 1975 dollars. 
I^ncluding irrigated land. 
Table 4.13. Estimated interregional shipments of commodities for 1985, Solution I. 
Feeder Yearl- Grains Oil-
Cattle Hogs Milk Oils Calves ings Wheat Corn Oats Barley Sorghum meal 
Region (mill cwt) (1000 head) (mill bu) (mill tons) 
NE -57.1 -37.3 —84.8 -12,2 -6.7 0.0 -155.4 -269.4 0.0 0.0 0.0 0.0 
AP -12.1 -17.2 -29.8 0.0 6.7 -2275.9 -134.3 -88.5 0.0 -Î.4 0.0 0.0 
SE -10.5 -12.1 -32.0 -5.4 0.0 0.0 -127.8 0.0 0.0 -13.1 -202.4 -0.3 
DL 9.3 -2.0 
—7.6 —84.4 0.0 0.0 -185.6 -1508.7 0.0 -7.0 -133.9 —8.8 
CB 4.0 92.3 -82.8 78.9 -1045.9 0.0 -121.8 1866.7 0.0 0.0 30.2 6.1 
LK -19.8 0.0 282.1 4.8 873.8 0.0 137.5 0.0 0.0 0.0 0.0 0.0 
NP 67.5 23.5 -7.6 20.0 -2103.7 2275.9 604,6 184.4 15.0 25.8 326.4 2.9 
SP 0.0 -13.5 -22.3 0.0 4620.3 0.0 4.1 -91.9 0.0 7.0 0.0 0.0 
MT 22.4 -8.7 -15.2 -1.6 1891.8 0.0 201.0 0.0 -3.9 0.0 0.0 0.0 
PC -3.7 -25.0 0.0 0.0 -4236.2 0.0 -222.2 -92.5 -11.1 -3.3 -20.2 0.0 
Table 4.14. Estimated interregional shipments of commodities for 19.85, Solution II, 
Cattle Hogs Milk Oils 
Feeder 
Calves 
Yearl­
ings Wheat Com Oats Barley 
Grains Oil-
Sorghum meal 
îgion (mill cwt) (1000 head) (mill bu) (mill tons) 
NE -54.7 -36.5 -80.4 —8.8 -40.6 —— -151.1 
-279.4 -29.9 1 o
 
AP —— -16.9 -28.1 2.1 135.5 -4096.5 -136.1 -65.5 ••— 
SE -9.5 -13.1 -30.1 -4.2 — —— -100.2 -24.6 -13.5 -205.4 
DL 14.1 -1.9 -6.9 —86.0 -634.4 -187.5 -1513.8 -7.0 -128.3 —8.1 
CB 92.8 -63.4 71.0 -420.7 -125.1 1574.5 —— 33.5 4.2 
LK -19.8 -4.9 251.4 4.1 817.3 —— 187.5 — • —— —— 
NP 67.7 23.6 -7.2 22.5 -3969.9 4096.5 512.5 481.-7 15.1 55.8 320.4 3.9 
SP — -13.2 -21.0 — 4657,2 '— -79.7 2,8 
MT 10.2 -5.4 -14.3 -0.8 3155.8 — 256.9 — -3.9 •— —-
PC -7.9 -24.5 -3700.3 •rmmm -256.9 -93.0 -11.2 -8.3 -20.2 
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Table 4.15. Actual 1974-76 wheat acreage, net changes in estimated 1985 
acreages and the average distribution by regions. 
Region 
CD 
Actual^  
1974-76 
(2) 
Net Changes 
From Cl) to 
Solution I 
(3) 
Net Changes 
From Solution I 
to Solution II 
ClOOO acres) 
NE 758 +1170 -246 
AP 1228 -1228 
SE 444 -444 +767 
DL 749 -485 -32 
CB 6479 -6479 —'V» 
LK 4310 +3287 +1371 
NP 28385 -7566 -3453 
SP 11034 +4597 +889 
MT 10026 -1883 +1593 
PC 5279 -365 -491 
US 68692 -4397 +891 
Acreage Distribution 
NE .01 .03 .04 
AP .02 
SE .01 T- .01 
DL .01 .00 .00 
CB .09 
LK .06 .13 .15 
NP .41 .35 .29 
SP .16 .26 .27 
MT .15 .14 .16 
PC .08 .08 .07 
S^ource; (56, 57). 
100 
• = 500,000 acres 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
vo 
o 
Figure 4,5. Location of wheat acreage in 1S85 Solution I. 
100 
§ 
• = 50,000 acres 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
vo 
Figure 4.6. Location of wheat acreage in 1985, Solution II. 
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gain comparative advantage in wheat production over the Northern Plains 
region. The location of wheat acreage in 1985 Solutions I and II is 
shown in Figures 4.5 and 4.6, respectively. 
With 10 percent of total land available set-aside (Solution II), the 
Northern Plains region is affected the most in wheat production. Total 
wheat acreage in this region declines by six percent while acreages in 
the Mountain states and the Lake states both increase by two percent, 
respectively. The Southeast region regains its; proportion of national 
wheat acreage in the 1974-76 level while the Northeast and the Southern 
Plains regions both gain some comparative advantage in wheat production 
both over the 1974-76 average and Solution I acreage distributions. 
As a result of the relatively higher prices of wheat compared with feed 
grain prices, wheat for feed is completely substituted by feed grains 
in 1985 Solution I. The equilibrium prices of wheat by region in both 
1985 solutions are presented in Table 4,16. It can be observed from 
Tables 4.13 and 4.14 that the Northern Plains, Mountain states and the 
Lake states are the major net exporters of wheat to the other regions 
for food use and for international exports. 
Feed grains 
The national feed grain acreage of 84.5 million acres in the 1985 
Solution I is 19 percent lower than the actual 1974-76 average acreage 
of 104.2 million acres. The regional allocation of feed grains differs 
from the allocation in the 1974-76 comparison period because feed grains 
and soybeans substitute for wheat in the Corn Belt, wheat substitutes 
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Table 4.16. Equilibrium prices of wheat in 1985 Solutions I and II by 
regions, measured in 1975 dollars. 
. Solution.1 . Solution II 
Region C$/bu) ($/bu) 
NE 2.64 3,10 
AP 2.61 3,06 
SE 2.54 3.00 
DL 2.75 3.20 
CB 2,53 2.9.9. 
LK 2,19 2.64 
NP 1.97 2.43 
SP 2.37 2.95 
MT 1.98 2,37 
PC 3,51 3,90 
US 2.72 3.19 
for feed grains in the Lake states and soybeans and wheat substitute 
for feed grains in the Southern Plains (Table 4.17). The location of 
feed grain acreages in the 1985 Solution I and Solution II is presented 
in Figures 4.7 and 4.8. The estimated equilibrium prices of feed grains 
(corn, oats, barley and grain sorghum) in the various regions in both 
1985 solutions are presented in Table 4.18. 
Feed grain acreage in Solution II increases by almost six percent 
over the Solution I acreage. Most of the acreage expansion occurs in 
the Northern Plains region which gains comparative advantage over the 
Corn Belt region with the set-aside policy. As explained earlier, the 
Corn Belt was producing feed grains and soybeans almost at full capacity, 
therefore, with the ten percent total land taken out of production, 
feed grains and soybean acreages were affected the most. The Northern 
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Table 4.17. Actual 1974-76 feed grain acreage, net changes in estimated 
1985 acreages, and the acreage distribution by regions. 
C21 C3) 
(1) a Net Changes Net Changes 
Actual From (i) to From Solution I 
Region 1974-76 Solution I to . Solution II 
(.1000 acres) 
NE 3536 -1157 -696 
AP 4722 -126 +744 
SE 4029 -280 -708 
DL 652 +936 -163 
CB 38861 -3622 -2873 
LK 14594 -6080 -906 
NP 22182 -4610 +9884 
SP 8932 -3401 —660 
MT 4398 -182 +36 
PC 2275 -1214 0 
US 104241 -19690 +4658 
Acreage Distribution 
NE .03 .03 .02 
AP .05 .05 .06 
SE .04 .04 .03 
DL .01 .02 .02 
DB .37 .42 .36 
LK .14 .10 .09 
NP .21 .21 .31 
SP .09 .07 .05 
MT .04 .05 .05 
PC .02 .01 .01 
S^ource; (55, 56, 57). 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
Figure 4.7. Location of feed grain acreages in 1985, Solution I, 
100 
= 500,000 acres 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
VO ON 
Figure 4.8, Location of feed grain acreages in 1985, Solution II. 
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Table 4.18. Estimated regional prices of feed grains in 1985 Solutions 
I and II, measured in 1975 dollars. 
Region Corn^  Oats^  Barley^  
Grain ^  
Sorghum 
($/bushel) 
Solution I 
NE 1.79 0.76 1.55 1.51 
AP 1.74 0.76 1.52 1.51 
SE 1.49 0.73 1,35 1.45 
DL 1.51 0.72 1.46 1.43 
CB 1.18 0.57 1.69 1.18 
LK 1.14 0.56 1.18 1.11 
NP 1.11 0,54 0.90 1.08 
SP 1.66 0.72 1.19 1.43 
MT 1.54 0.90 1.25 1,50 
PC 2.07 1,20 2.02 1.93 
US 1.56 0.75 1.52 1.41 
Solution II 
NE 2.08 0,86 1,80 1,71 
AP 2.04 0.86 1,66 1.71 
SE 1.79 0.86 1.58 1.71 
DL 1.80 0,85 1.71 1.70 
CB 1.47 0,72 2,20 1.45 
LK 1.43 0,70 1.47 1.39 
NP 1.39 0.68 1.12 1.35 
SP 1.94 0.85 1.44 1.70 
MT 1.71 1.03 1,39 1.66 
PC 2.35 1.34 2.41 2,20 
US 1.86 0.87 1.79 1.66 
E^stimated equilibrium prices for food use. 
E^stimated shadow price in region. 
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Plains, on the other hand, has excess land capacity in Solution I and, 
therefore, with the expected higher prices in the set-aside policy, 
increases the acreages of all the feed grains, especially barley and 
oats acreages. 
The prices of all the individual feed grains in Solution II are 
higher than the corresponding prices in Solution I in all regions as 
expected. However, among the various regions, the prices of feed grains 
are highest in the Pacific region and lowest in the Northern Plains in 
both 1985 Solutions. The Corn Belt and the Northern Plains regions are 
the sole net exporters of feed grains to the other regions for food, 
livestock feed and international commercial exports in Both, solutions 
in 1985. 
Soybeans 
The national acreage of soybeans in 1985 Solution I is 62,7 million 
acres compared to 51.8 million acres in the 1974-76 period. This repre­
sents an increase of 10,8 million acres or 20.9 percent. Like feed 
grains, the concentration of soybeans production occurred in the Corn 
Belt, the Northern Plains, and the Lake states regions CFigure 4.9). 
The acreage is shifting away from the Appalachia, Southeast and the 
Delta regions compared to the 1974^ 76 pattern of production (Table 4.19). 
The change of the interregional allocations in soybean acreages as com­
pared to the 1974-76 pattern of soybean production, results from the 
increased demand for soybean oil and for soybean oilraeals both at home 
and abroad. Further pressure for increased soybean acreage is added by 
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Table 4.19. Actual 1974-76 soybean acreage, net changes in estimated 
1985 acreages and the acreage distribution by regions. 
C2) C3) 
a 
Net Changes Net Changes 
Actual From (.1) to From Solution I 
Region 1974-76 Solution I to Solution II 
(1000 acres) 
NE 637 +1258 -200 
AP 4603 -461 +159 
SE 3806 -409 -651 
DL 9330 -4668 -467 
CB 25960 +6655 -2721 
LK 4346 +2674 -762 
NP 2617 +4501 +963 
SP 558 +1272 -368 
MT 
PC — 
US 51857 +10819 -4044 
Acreage Distribution 
NE 0.01 0.03 0.03 
AP 0.09 0.07 0.07 
SE 0.07 0.05 0.05 
DL 0.18 0.07 0.07 
CB 0.50 0.52 0.51 
LK 0.08 0.11 0.11 
NP 0.05 0.12 0.14 
SP 0.01 0.03 0.02 
MT — 
PC 
S^ource: (56, 57). 
100 
500,000 acres 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
S 
o 
Figure 4.9. Location of soybean acreages in 1985, Solution I. 
100 
= 500,000 acres 
NOTE: 
(a) AREAS = REGION 26 
(b) AREAS = REGION 80 
(c) AREAS = REGION 82 
o 
t-" 
Figure 4.10. Location of soybean acreages in 1985, Solution II. 
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the decline in per capita consumption of cotton lint and the resulting 
decrease in cottonseed oil and cottonseed meal production. 
With ten percent of all land taken out of production, soybean 
acreage in Solution II declines by 4 million acres or 6,5 percent as 
compared to Solution I nationally. Like feed grains, the Corn Belt and 
the Lake states regions lose the most acreages. Soybean acreage in the 
Northern Plains increases by nearly 15 percent in Solution II aa com­
pared to Solution I through a gain in comparative advantage. The dis" 
tribution of soybean acreage in 1985 Solution II is shown in Figure 4,10. 
The interregional flows of oilmeal occurs from the Corn Belt and 
Northern Plains to the Delta and the Southeast regions in Solution I 
and to the Delta and Northeast regions in Solution II, 
Cotton 
The estimated cotton acreage total, 7.6 million acres, is concen­
trated mostly in the Delta and Pacific regions, together accounting 
for 82 percent of the total acreage. The remaining 18 percent is equally 
distributed between the Southeast and the Corn Belt regions in Solution 
I. Compared to the 1974-76 actual cotton acreage distribution (Table 
4.20), there is a big shift from the Southern Plains, Appalachia and 
the Mountain regions. Wheat and soybean expansion accounts for the 
decline of cotton production in the Southern Plains. In Solution II, 
there is a five percent increase in cotton acreage over Solution I, 
However, as a result of four percent reduction in the average yield 
of cotton per acre, total production of lint remains fairly constant. 
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Table 4.20. Actual 1974-76 cotton acreages, net changes in estimated 
1985 acreages and the acreage distribution by regions. 
(2) C3) 
(lia Net Changes Net Changes 
Actual . From (li to From Solution I 
Region 1474-76 Solution I to Solution II 
(1000 acres) 
NE 
AP 491 -491 
SE 921 -238 +1095 
DL 2849 +2061 -491 
CB 267 +414 -67 
LK 
NP 
SP 4680 -4680 
MT 473 -473 
PC 1078 +234 -131 
US 10759 -3172 +406 
Acreage Distribution 
NE — —  
AP .05 T-w,-
SE .09 .09 ,22 
DL .26 .65 .55 
CB .02 .09 .08 
LK —— 
NP 
SP .43 — 
MT .04 — 
PC .10 .17 .15 
S^ource: (56, 57). 
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The expansion of acreage in Solution II occurs only in the Southeast 
region where cotton substitutes for some soybean and feed grain production. 
Harvested roughages 
The estimated acreage of harvested roughages in 1985 Solutions I 
and II is 31.3 million acres and 33.4 million acres, respectively. 
These are all lower than the 1974'-76 average acreage of 57.4 million 
acres (Table 4.21). The estimated average per acre yields for silage, 
tame hay and wild hay are, respectively, 5.6, 3.2 and 0,8 tons in Solu­
tion I (Table 4.6) and 4.8, 3.1 and 0.9 tons in Solution II. These 
compare closely to Chen (4) and Stoecker's (40) yield estimates for 
1980. Howéver, the actual per acre yields in 1974-76 for silage, tame 
hay and wild hay are, respectively, 10.2, 2,76 and 1.51 tons (57). 
Regional allocation of livestock production 
The estimated regional allocations of livestock production In 1985 
for both solutions compared with, actual 1975 level are given In Table 4.22 
and the estimated rents on livestock capacities for the ten livestock pro­
ducing regions are given in Table 4,23, The regional distribution of 
beef cow production stayed the same in both 1985 solutions. Compared 
with actual 1975 distribution of beef cow production, there is a total 
shift from the Northeast, Appalachla, Lake states and the Pacific regions 
to the Northern Plains, Southern Plains and the Mountain regions. The 
estimated national production of beef cows in 1985 is 37,5 million heads 
compared to 45.4 million heads in 1975 indicating a projected decline of 
17 percent. The Northern Plains region show» the highest rent on beef 
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Table 4.21. Regional production pattern of harvested roughages in 1985 
with actual 1974-76 acreages. 
Actual^  Solution I Solution II 
Region 1974-76 1985 1985 
(1000 acres) 
NE 5597 1851 1843 
AP 4632 1226 1143 
SE 225 1239 1228 
DL 1070 1315 1375 
CB 9345 4553 4587 
LK 8407 4418 4368 
NP 14082 8099 10691 
SP 3932 1328 1400 
MT 7085 5419 4897 
PC 3063 1848 1728 
US 57438 31295 33358 
Acreage Distribution 
NE .10 ,06 .06 
AP .08 .04 .03 
SE .01 .04 .04 
DL .02 .04 .04 
CB .16 .15 .14 
LK .15 .14 .13 
NP .25 .26 .32 
SP ,06 ,04 .04 
MT .12 .17 .15 
PC .05 ,06 .05 
S^ource; (55, 56, 571. 
t 
Table 4.22. Estimated regional livestock production patterns in 1985 compared with actual 1975 
livestock production. 
Reg. 
Actual^  
1975 
' Sol I 
1985 
Sol II 
1985 
Net Changes 
from 
Sol I to II 
Actual^  
1975 
Sol I 
1985 
Net Chang 
Sol II from 
1985 Sol I to 
Beef Cows (1000 heads) Hogs (1000 cwt live weight) 
NE 437 —— —— 3332 — 
AP 3985 —— —— 13807 — —  • 1 • 
SE 4071 3219 3219 — 8945 6443 5173 -1270 
DL 3626 3554 3554 — 2419 5620 5620 • • ••• 
CB 6491 5837 5837 93260 122231 122231 M 
LK 1283 —— —— —— 17308 15642 10411 -5231 
NP 7716 7923 7923 —— 21546 27707 27707 Ml IM 
SP 9608 10265 10265 —— 3751 ——« • 
MT 6042 6736 6736 —— 2751 3203 +3203 
PC 2117 —— — —— 1000 1 1 • I • 1 •• 
US 45376 37534 37534 168119 177643 174345 -3298 
Milk Cows (1000 heads) Fed Cattle (1000 heads) 
NE 2212 738 736 -2 123 
AP 854 346 344 -2 134 130 # 1 # " -130 
SE 474 348 347 -1 196 372 372 
DL 348 158 157 -1 41 » ^ •• 
CB 1573 286 439 +153 2440 4760 4172 -588 
LK 3108 2530 2289 
-241 715 T- — 
NP 582 78 78 —— 2461 5883 5883 
SP 452 225 224 -1 1559 ,— 
MT 304 149 149 —— 1599 2879 1615 -1264 
PC 1072 649 643 -6 888 4370 3826 -544 
US 10979 5507 5403 -104 10156 18393 15867 -2526 
S^ource: (56, 57). 
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Table 4.23. Estimated rents on livestock capacities in 1385. 
Region 
Beef Cow 
Capacities 
(head) 
Hog 
Capacities 
(cwt) 
Dairy 
Capacities 
(head) 
Fed Beef 
Capacities 
. (head) 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
NE 
AP 
SE 
DL 
CB 
LK 
NP 
SP 
MT 
PC 
47.51 
59.84 
20.73 
67.73 
43.12 
48.84 
51.23 
56.75 
15.91 
61.76 
42.99 
50.90 
C$ per unit) 
Solution I 
1.13 
0.70 
3.04 
Solution II 
1.16 
0.45 
2.95 
0.60 
7.50 
15.10 
0.94 
0.398 
10.19 
M^easured in 1975 dollars. 
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cow capacity per head followed by the Delta region. In regions where 
there is excess capacity, the rent is zero (Table 4.23). 
In Solution I, the number of milk cows in the U.S. is projected 
to be 5.5 million heads in 1985. This is 49.8 percent less than the 
actual 1975 heads of 10.9 million. The decline is due to the projected 
decline of dairy consumption in 1985. Dairy capacity is not exhausted 
in any region. In Solution II, the number of milk cow heads declines 
by 1.8 percent from Solution I reflecting relatively high cost of feed 
grains. The Lake states suffer the most drop in milk cow heads in 
Solution II being the largest producer, however, production in the Corn 
Belt region increases by 53.4 percent from 0.28 million to 0.44 million 
heads in Solution II. The Corn Belt region is the major net exporter 
of both feed grains and oilmeals and, thus, gains a comparative advantage 
in milk cow production. 
Hog production in 1985 is estimated to be 178 million cwt. (live 
weight) compared with 168 million cwt. in 1975 indicating an increase of 
5 percent. The regional allocation of production is, however, very dif­
ferent from the actual 1975 allocations. The Corn Belt, Northern Plains 
and Delta regions are all projected to increase hog production in 1985 over 
the 1975 levels, while the Southeast and the Lake states cut production. 
Moreover, the Northeast, Appalachia, Southern Plains, Mountain and Pacific 
regions lose their total comparative advantage in hog production. This is 
explained by the relatively high projected prices of feed grains, 
especially corn and oilmeals in these regions (Tables 4.18 and 4,24). 
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With the ten percent land set-aside policy in 1985 (Solution II), hog 
production declines to 1,74 billion cwt. (live weight), thus shbwing 
a reduction of 1.8 percent from Solution I. Hog production is affected 
the most in the Southeast and the Lake states regions reflecting a rela­
tively high increase in the price (shadow price) of TDN (total digestible 
nutrients) in these regions in Solution II compared to Solution I. 
However, the Mountain region regains its comparative advantage in hog 
production. 
The number of fed cattle in 1985 Solutions I and II are, respectively, 
18.4 million and 15.9 million heads. Actual number of cattle on feed 
in 1975 was 10.2 million heads. The 81 percent increase in the number 
of fed cattle in 1985 Solution I over the 1975 level is due to the pro­
jected large increase in the price of beef CTable 4.1) and, hence, the 
higher economic advantage in its production (Table 4,2) relative to 
other major livestock products. The greatest concentration of fed 
cattle is in the Northern Plains, Corn Belt, Pacific and the Mountain 
regions. These regions are among the largest producers of harvested 
roughages in 1985 and, hence, the relative advantage. The Southern 
Plains, Northeast, Delta and the Lake states regions lose their compara­
tive advantage in fed cattle production completely in 1985, With the 
set-aside policy, national production of fed cattle declines by 2.5 
million heads or 16 percent from Solution I, Like other types of live­
stock, this decline is caused by increased prices of feed grains and 
other intermediate commodities connected with fed cattle production 
(Table 4.24). 
Table 4.24. Estimated prices for intermediate commodities for 1985, 
measured in 1975 dollars. 
Oil- Feeder Yearling 
TDN Protein meal Roughages Calves* Cattle® 
Region C$/ton) . C$/toni, , C$/ton) . , (.$/ton) . . C$/head) C$/head) 
Solution I 
NE 69.25 53.94 51.58 186.81 284.03 
AP 69.23 53.93 50.04 174.28 271.08 
SE 66.14 2.52 52.65 60.36 175.15 263.62 
DL 65.05 3.64 52.30 47,02 180.59 259.61 
CB 52.44 40.85 30.76 183.98 272.15 
LK 50.70 — 39.49 35.02 179,31 264.27 
NP 49.49 0.50 38.78 28.68 183.91 258.49 
SP 65.53 — 51.05 44.59 175.55 257.93 
,MT 68.74 53.55 41.39. 174.84 252.92 
PC 69.52 — 54.16 43.58 188.75 275.20 
Solution II 
NE 78.60 73.44 52.92 187.41 282.49 
AP 7a.58 61.21 54.74 174.88 278.57 
SE 78.69 0.30 61.31 62.75 182.39 272.39 
DL 77.50 2.09 62.63 48.15 184.48 268.14 
CB 65.70 — 51.18 34.28 185.00 276.93 
LK 63.88 49.76 40.10 180,32 269,57 
NP 61.55 2.60 49.11 33.58 186.89 265.98 
SP 77.73 60.55 49.49 178,54 262,71 
MT 75.88 4.17 60.98 42.45 177,83 257,19 
PC 78.87 — —  61.44 43.80 191.74 278.87 
4^Q0 pounds per head. 
7^00 pounds per head. 
Ill 
Analysis of the shadow prices (rents) on livestock facilities 
(Table 4.23) indicates that the strongest incentive for expansion of 
livestock production would be in the Northern Plains. The shadow price 
indicates returns over all costs of production. The high shadow prices 
for beef cows, hogs and fed cattle in the Northern Plains are due to 
the lower relative price of feed grains, oilmeals and roughages (Tables 
4.18 and 4.24) in this region. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
Public policy In agriculture in the United States has passed through 
several stages since the last century. Technological innovations, capital 
intensification and improved labor productivity have combined to provide 
an abundant supply of food at costs representing small percentages of 
American consumers* disposable incomes. Increased efficiency in food 
production resulted from continued effort of farmers, public research 
institutions and the industrial sector to provide and use new Inputs 
for the farm production process. Over time, research and development 
by these groups have lowered the price of capital relative to the price 
of labor. Farmers have responded and rearranged their input mix to 
increase their output while employing an Increased amount of capital 
and smaller amount of labor. The agricultural sector has made a large 
contribution toward a public goal of Increased output of agricultural 
commodities, improved efficiency in farming, lower food costs and 
improved living standards of the general public. However, all these 
developments have not been without cost to farmers. Agricultural pro­
duction has faced recurcive periods of gluts and, in a few instances, 
scarcities. The general effects have been lowered prices and depressed 
incomes to farmers. 
Even though public policies to compensate farmers and improve farm 
prices and incomes have changed since the last 50 years, the basic 
instruments have remained the same. The main Instrument for production 
control has been some form of land retirement with payment to farmers 
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to encourage participation while the instrument used to increase demand 
has been domestic and international food aid with considerable emphasis 
on foreign exports in recent years. Recent events in the United States 
and international events such as the energy crisis and the U.S. grain 
embargo to the U.S.S.R. have all compounded the uncertainty in the 
future of U.S. agriculture. The need for agricultural policy analysis 
for the future has not been much felt. 
In the light of these developments, the objectives of this study 
are; (1) to determine the equilibrium farm level prices and associated 
quantities demanded for the principal crops and livestock products of 
U.S. agriculture in 1985 and to determine the extent of and the geo^  
graphical distribution of potential capacity of U.S. agriculture under 
a free market system and C2). determine the impacts of a ten percent 
land set-aside policy on all types of agricultural land on these equi­
librium values. 
The method used is a basic quadratic programming model developed 
for the U.S. agricultural sector under Dr. Heady by Plessner (35), Hall 
(.19), Stoecker CAO) and Chen (Al> For this model, the 48 contiguous 
states in the continental U.S. is divided into ten consuming regions 
which coincide with ten livestock producing regions. These ten regions 
are further subdivided into 103 nonirrigated crop producing areas. 
Ten irrigation areas are also defined for the 17 western states for 
crop production. Further, a transportation sector is included to con­
nect consuming regions for commodity movements. The commodities 
included in this study are listed in Table 3.1. 
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The basic structure of the programming model is : 
(1) a set of regional linear demand functions which specify the 
consumption of each consuming unit, 
(.2) a set of production activities and a set of resource constraints 
which, limit the production of each producing unit; a set of 
transportation activities with associated transportation costs 
that connect consuming regions for commodity supplies where 
desirable, and 
(3) an objective function based on the concept of maximizing aggre­
gate net profit of the agricultural sector to deduce the price 
and allocation conditions for a spatial equilibrium. 
The data used in the current study are mostly borrowed from previous 
dissertations (4, 40) and updated to be representative of U,S, agricul»-
ture in 1985. Export levels used are obtained from NIRAP Series II 
Scenario II with moderate demand and moderate supply conditions projected 
for 1985. Domestic cotton lint consumption is set at 15 pounds per 
capita in 1985. 
The empirical results of the present study are presented and 
interpreted in Chapter IV. These results represent two optimal solu­
tions of the 1985 models. Solution I represents a free market model 
with no production controls while Solution II represents the model with 
ten percent land set-aside policy on total agricultural land in every 
crop production area defined in the model. In the models, U.S. popula­
tion is projected as 236 million and the export market is assumed to 
accept the amounts specified at the solution prices, The projected 
regional population and per capita personal income distributions are 
presented in Table 3.4. 
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Summary of Solution I and Solution II Results 
Equilibrium prices obtained for Solution I are, in general, higher 
than actual 1968-70 average -market prices but lower than actual 1974-76 
prices. With the ten percent land set-aside policy, prices of commodities 
went up even higher. Equilibrium prices of food grains and feed grains 
increased the most in Solution II with percentage increases ranging from 
16 percent to 19 percent. The farm price of vegetable oils was estimated 
at $60.76 per cwt. in Solution I and $71.40 per cwt. in Solution II, 
compared to $11.03 per cwt. in 1968-70 and $24.80 in 1974-76. The esti­
mated higher prices are the result of projected higher export demand in 
1985 compared to historical exports. Table 4.1 summarizes solution 
equilibrium prices and domestic demand quantities for desired commodities 
in 1985. 
As expected with the higher prices, per capita consumption of most 
commodities declined from Solution I to Solution II. The consumption 
per capita of oats and barley remained at 1974-76 levels in both solu­
tions while consumption of wheat and corn per capita increased by three 
percent and four percent respectively from Solution I to Solution II. 
The increase in consumption of food grains is explained by the inelastic 
price elasticities of their demand assumed in the analysis coupled with 
a possible shift in taste of consumers resulting from substitution of 
vegetable protein for animal protein. The consumption of livestock 
products in general declined in Solution II due to higher prices. 
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Estimated values of production of all commodities increased in 
Solution II compared to Solution I. As expected, food and feed grains 
showed the highest appreciation in production values ranging from 16 
percent to 27 percent with the set-aside policy over the free market 
model. However, the values of production of all commodities, with, the 
exception of sheep and lambs, were lower than the actual 1974-76 average 
level because of relatively lower equilibrium prices and consumption. 
The value of production of sheep and lambs increased by 129 percent 
over the 1974-76 actual value due to a higher demand (Tables 4.1 and 
4.21. 
In the optimal solution of the models, each commodity is produced 
in the region or area where it has the greatest advantage under spatial 
competition. The total demand for cropland and for hayland in Solution 
I are 225.7 million acres and 23.0 million acres, respectively. These 
are lower than the corresponding amounts of land used in 1974. The 
reduction in land use is brought about by higher projected yields per 
acre of crops and shifts in production in line with regional comparative 
advantages. With the land set-aside policy, the national demand for 
cropland and hayland each reduced by only 0.7 million acres. The demand 
for cropland in the Northern Plains, Appalachia and the Southeast regions 
increased with the set-aside policy compared to Solution I on the 
contrary. These regions were among those with the highest percentage 
of idle land in the free market model (Figure 4,3). With the reduction 
of acreage under crop production by regions that were formerly producing 
close to capacity, such as the Corn Belt, these regions committed more 
land to production through a gain in comparative advantage. 
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National crop acreages for Solutions I and II, production and 
yields per acre of crops are given in Table 4.6. The acreages of wheat, 
oats, grain sorghum, cotton and wild hay all increased in Solution II 
compared to Solution I due to the same reasons for changes in regional 
land demands. Estimated average yields per acre of crops, however, 
were decreased in the land set^ aside policy model because of shifts 
in crop production to regions which were originally less advantaged. 
The production of beef cows and -milk in the U.S. in 1985 are pro­
jected to be lower than 1975 levels (Table 4.23). In both Solutions 
I and II, 37.5 million heads of beef cattle are raised compared to 45.3 
million heads in 1975. Milk cow numbers are projected to decrease 
much more considerably from 10,9 million heads in 1975 to 5.5 million 
heads in Solution I and 5.4 million heads in Solution II. Dairy cow 
capacities are not fully utilized in any region. The number of fed 
cattle and hog production, however, are estimated to increase. In 
Solution I, 177.6 million cwt. Clive weigktl of hogs are produced as 
compared to 168.1 million cwt, in 1975. In the set-aside model, hog 
production reduced by 3.3 million cwt. from the free market production 
level. For fed cattle, 18.3 million heads are produced in Solution I 
relative to 10.1 million heads in 1975, In Solution II, the number 
of cattle fed dropped by 2,5 million heads. In general, livestock 
production declined in Solution II from Solution I due to higher prices 
of feed grains and oilmeals induced by the set-aside policy. 
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Conclusions 
The results of the present study indicate that equilibrium farm 
prices of agricultural commodities in 1985 would generally Be higher than 
prices received by farmers before the unusual upsurge in U.S. farm 
commodity demand in the early 1970s. However, prices may not be high 
enough to reach levels attained in the mid-1970s. Domestic consumption 
of livestock products would decline on a per capita basis. Consumption 
of food grains, however, would remain fairly high. The values of farm 
production without production controls would generally be lower than 
levels in the mid-1970s. The results also indicate that even with ten 
percent of all agricultural land retired from production in a set-aside 
policy, there would be a potential supply capacity which could exceed both 
domestic and foreign demand at market prices by 1985. This potential is 
indicated by the large amount of surplus land idled in the solutions. 
With the hypothetical ten percent land set-aside policy, the main 
impact is on the increase in general price level. However, the acreages 
of certain crops such as oats and barley also increase due to shifts 
in regional production patterns resulting from the policy. Livestock 
production also declines generally with the set-aside policy due to 
higher feed cost, 
Higher prices have the apparent effect of reducing per capita food 
consumption. With personal disposable income held constant between 
the two models, significant reductions in domestic meat consumption 
occur. Higher commodity prices brought about by the land set^ aside 
o 
119 
policy and the general inelastic nature of food demand, conform with 
greater income to farmers but higher food costs to consumers. Substantial 
interregional shifts occur In land use and cropping and livestock pro­
duction patterns between the free market model and the set-aside policy 
model to allow a more complete reflection of comparative advantage in 
I 
agricultural production with the set-aside policy. 
The results generated in this study seem, in general, reasonable 
and consistent for real world relevance. However, costs and benefits 
of applying a production control of this nature may not be totally 
endogenous to agriculture. The suppliers of inputs and processors of 
output would also be affected as would general consumers. Those in 
areas of increased production would enjoy the benefits of more work 
and higher incomes; but where production drops, work and income both 
decline. Nor would the cost and benefits be limited to the United 
States alone. World over, the question of decreasing potential food pro­
duction is a much more sensitive question in the light of growing 
hunger and poverty. These are types of problems facing agricultural 
policy makers now and in the near future. 
The present study is a policy analysis based on quadratic program-
ming models of U.S. agriculture. As an empirical model, its performance 
is reasonable; however, it is not without limitations, hence, it is 
only reasonable to point out some of these limitations for future 
improvement. Some of the most important data in a quadratic program­
ming model are coefficients of the market demand system. Currently, 
the only estimates of a complete system for the major group of U.S. 
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agricultural products are provided by Brandow (2) and this set is not 
in a form suitable for direct use in the regional structure. The con­
versions of the elasticities to slopes using base period prices and 
quantities and subsequent adjustments to derive variation in regional 
demand system are obviously imperfect because regional differences in 
consumer preferences are ignored and the derived demand slopes do not 
explicitly represent future periods. 
Export demand is treated as fixed because of deficiencies in foreign 
demand data and thus adding to the limitations of the model. Moreover, 
there may be inconsistencies in the classification of commodities between 
demand and production. Further research improvements on all these and 
refinements of estimated technical and cost data are always needed to 
upgrade the performance of the model for future policy analysis. 
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APPENDIX 
Table A.l. Summary of equilibrium prices, production, consumption and net exports by consuming 
regions, 1985 Solution I. 
Net Exports 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  Production Interreg'l. Intern'1. 
Cattle 
NE 39.103 58.976 86.442 1.493 1.869 -57.107 -27.466 
AP 38.726 30.223 30.223 1.328 18.008 -12.134 0.000 
SE 37.660 33.142 33.142 1.350 22.675 . -10.467 0.000 
DL 37.088 11.553 11.530 1.257 20.872 9.319 0.022 
CB 36.624 57.185 57.185 1.558 61.139 3.954 0.000 
LK 37.258 27.290 28.736 1.505 7,536 -19.750 -1.446 
NP 36.189 7.903 7.903 1.467 75.414 67.510 0.000 
SP 36.848 24.998 24.998 1.403 24.998 0.000 0.000 
MT 35.428 17.110 17.110 1.442 39.520 22.410 0.000 
PC 37.154 49.487 47.269 1.534 45.757 -3.731 2.218 
US 37.488 317.868 344.540 1.460 317.868 -26.672 
M^easured in 1975 dollars. 
T^otal demand, domestic consumption, production and net exports are in the following units : 
cattle, hogs, fluid milk, manufactured milk, oil, sheep and lambs, and poultry meal, million cwt.; 
wheat, com, oats, and barley, million bushels; eggs, million hundred dozens. 
P^er capita consumption is in cwt. bushels and hundred dozens. 
Table A.l. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  
Hogs 
NE 24.200 37.265 46.420 0.802 
AP 23.689 17.245 17.245 0.758 
SE 22.840 18.563 18.563 0.756 
DL 22.777 7.612 6.644 0.724 
CB 20.857 29.944 29.944 0.816 
LK 21.774 15.642 15.301 0.802 
NP 21.663 4.188 4.188 0.778 
SP 23.114 13.461 13.461 0.756 
MI 24.035 8.735 8.735 0.736 
PC 25.698 24.987 23.706 0.769 
US 23.231 177.642 184.208 0.780 
Fluid Milk 
NE 5.809 88.122 88.122 1.522 
AP 5.376 34.227 34.227 1.540 
SE 4.575 37.542 37.542 1.530 
DL 5.634 13.463 13.463 1.467 
CB 4.692 57.095 57.095 1.556 
LK 3.706 30.308 30.308 1.588 
NP 4.214 8.360 8.360 1.552 
SP 5.101 26.946 26.946 1.513 
MT 5.976 17.511 17.511 1.475 
PC 4.255 48.394 48.394 1.571 
US 4.992 361.969 361.969 1.534 
Net Exports 
Production Interreg'l. Intern'1. 
-0.000 
-0.000 
6.443 
5.619 
122.231 
15.642 
27.707 
-0.000 
0.000 
-0.000 
177.642 
88.122 
34.227 
37.542 
13.463 
30.347 
57.057 
8.360 
26.946 
17.511 
48.394 
361.969 
-37.265 
-17.245 
-12.120 
-1.992 
92.287 
0.000 
23.519 
-13.461 
-8.735 
-24.988 
0.000 
0.000 
0.000 
0.000 
-26.748 
26.748 
0.000 
0.000 
0.000 
0.000 
-9.155 
0.000 
0.000 
0.968 
0.000 
0.342 
0.000 
0.000 
0.000 
1.281 
-6.565 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
Table A.l. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  
Manufactured Milk 
NE 4.173 84.768 84.768 1.464 
AP 4.131 29.840 29.840 1.311 
SE 4.104 32.019 32.019 1.305 
DL 4.098 7.569 10.999 1.199 
CB 3.884 56.073 56.073 1.528 
LK 3.706 26.529 29.959 1.569 
NP 3.924 7.579 7.579 1.407 
SP 4.104 22.313 22.313 1.253 
NT 4.139 15.238 15.238 1.284 
PC 4.255 39.143 42.573 1.382 
US 4.069 321.071 331.361 1.404 
Vegetable Oils 
NE 61.950 17.602 8.119 0.140 
AP 60.995 12.619 3.136 0.138 
SE 61.605 16.188 3.241 0.132 
DL 61.509 106.932 1.167 0.127 
CB 59.929 38.250 5.426 0.148 
LK 59.532 13.013 2.801 0.147 
NP 59.450 0.789 0.789 0.147 
SP 48.071 5.682 4.041 0.227 
MT 61.317 1.592 1.592 0.134 
PC 61.234 4.434 4.434 0.144 
US 60.759 217.100 34.746 0.147 
Net Exports 
Production Interreg'l. Intem'l. 
-0.003 -84.771 0.000 
-0.000 -29.840 0.000 
0.005 -32.014 0.000 
-0.002 -7.571 -3.430 
0.004 -56.069 0.000 
281.921 255.391 -3.430 
0.002 -7.577 0.000 
-0.002 -22.315 0.000 
0.003 -15.234 0.000 
39.143 0.000 -3.430 
321.071 -10.290 
5,364 -12.238 9.482 
12.619 0.000 9.482 
10.753 -5.435 12.947 
22.517 -84.415 105.765 
117.154 78.904 32.824 
17.772 4.759 10.212 
20.810 20.021 0.000 
5.682 0.000 1.641 
-0.004 -1.596 0.000 
4.434 0.000 0.000 
217.100 182.354 
Table A.l. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  
Wheat 
NE 2.543 226.005 193.705 3.346 
AP 2.606 134.277 75.427 3.314 
SE 2.545 127.816 80.176 3.267 
DL 2.746 194.696 30.086 3.279 
CB 2.534 121.827 118.877 3.239 
LK 2.187 178.029 61.499 3.222 
NP 1.974 17.402 17.402 3.231 
SP 2.369 658.707 57.787 3.244 
MT 1.984 38.979 38.979 3.284 
PC 3.511 551.948 100.598 3.265 
US 2.718 2249.687 774.537 3.282 
Corn 
NE 1.795 313.716 165.226 2.854 
AP 1.739 310.999 64.649 2.841 
SE 1.488 100.058 69.368 2.827 
DL 1.506 992.455 26.005 2.834 
CB 1.176 183.606 103.736 2.827 
LK 1.137 96.691 53.781 2.817 
NP 1.111 15.181 15.181 2.819 
SP 1.661 137.579 49.999 2.807 
MT 1.542 33.545 33.545 2.827 
PC 2.071 91.322 86.662 2.813 
US 1.564 2275.153 668.153 2.831 
Net Exports 
Production Interreg'l. Intern*1 
70.584 -155.420 32.300 
-0.004 -134.281 58.850 
-0.003 
-127.819 47.640 
9.050 -185.646 164.610 
0.004 -121.823 2.950 
315.489 137.460 116.530 
621.960 604.558 0.000 
662.813 4.106 600.920 
240.024 201.044 0.000 
329.769 -222.179 451.350 
2249.687 1475.150 
44.305 -269.411 148.490 
222.452 -88.547 246.350 
100.058 0.000 30.690 
-516.290 -1508.745 966.450 
2050.309 1866.703 79.870 
96.691 0.000 42.910 
199.566 184.385 0.000 
45.670 -91.909 87.580 
33.545 0.000 0.000 
-1.154 -92.476 4.660 
2275.153 1607.000 
Table A.l. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^ 
Oats 
NE 0.759 19.568 19.078 0.330 
AP 0.759 8.071 7.471 0.328 
SE 0.729 8.044 8.014 0.327 
DL 0.718 4.462 3.002 0.327 
CB 0.575 11.965 11.955 0.326 
LK 0.556 15.466 6.196 0.325 
NP 0.543 1.752 1.752 0.325 
SP 0.718 5,800 5.800 0.326 
MT 0.896 3.869 3.869 0.326 
PC 1.200 10.365 10.025 0.325 
US 0.745 89.363 77.163 0.327 
Barley 
NE 1.555 35.282 35.262 0.609 
AP 1.524 14.871 13.871 0.609 
SE 1.351 15.033 15.033 0.613 
DL 1.459 7.192 5.602 0.611 
CS 1.692 22.284 22.224 0.606 
LK 1.176 32.110 11.750 0.616 
NP 0.899 3.345 3.345 0.621 
SP 1.189 11.206 10,966 0.616 
MT 1.247 7.295 7.295 0.615 
PC 2.018 34.913 18.473 0.600 
US 1.524 183.532 143.822 0.609 
Net Exports 
Production Interreg *1, Intern'1. 
19.568 
8.071 
8.044 
4.462 
11.965 
15.466 
16.774 
5.800 
0.002 
-0.790 
89.363 
35.282 
5.513 
1.931 
0.165 
22.284 
32.110 
29.125 
18.233 
7.295 
31.594 
183.532 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
15.022 
0.000 
-3.867 
-11.155 
0.000 
-9.359 
-13.102 
-7.027 
0.000 
0.000 
25.779 
7.027 
0.000 
-3.319 
0.490 
0.600 
0.030 
1.460 
0.010 
0.270 
0.000 
0.000 
0.000 
0.340 
12.200 
0.020 
1.000 
0.000 
1.590 
0.060 
20.360 
0.000 
0.240 
0.000 
16.440 
39.710 
Table A.l. Continued 
Farm Total Domestic Consumption 
Region Priced Demand^  Consumption Per Capita^  
Sheep and Lamb 
NE 30.614 5.780 5.780 0.100 
AP 30.614 2.110 2.110 0.093 
SE 30.614 2.197 2.197 0.090 
DL 30.614 0.778 0.778 0.085 
CB 30.614 3.414 3.414 0.093 
LK 30.614 1.775 1.775 0.093 
NP 30.614 0.480 0.480 0.089 
SP 30.614 1.592 1.592 0.089 
MT 30.614 1.028 1.028 0.087 
PC 30.614 2.969 2.969 0.096 
US 30.614 22.123 22.123 0.094 
Eggs 
NE 36.999 13.998 13.998 0.242 
AP 36.999 5.422 5.422 0.238 
SE 36.999 5.823 .5.823 0.237 
DL 36.999 2.159 2.159 0.235 
CB 36.999 8.798 8.798 0.240 
LK 36.999 4.562 4.562 0.239 
NP 36.999 1.279 1.279 0.238 
SP 36.999 4.228 4,228 0.237 
MT 36.999 2.815 2.815 0.237 
PC 36.999 7.399 7.399 0.240 
US 36.999 56.483 56.483 0.239 
Net Exports 
Production Interreg'l. Intern'1. 
5.780 
2.110 
2.197 
0.778 
3,414 
1.775 
0.480 
1.592 
1.028 
2.969 
22.123 
13.998 
5.422 
5.823 
2.159 
8.798 
4.562 
1.279 
4.228 
2.815 
7.399 
56.483 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
Table A.l. Continued 
Net Exports 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  Production Interreg'l. Intern'1. 
Chicken and Turkeys 
NE 16.489 30.712 30.712 0.531 30.712 0.000 0.000 
AP 16.489 11.162 11.162 0.490 11.162 0.000 0.000 
SE 16.489 11.850 11.850 0.483 11.850 0.000 0.000 
DL 16.489 4.185 4.185 0.456 4.185 0.000 0.000 
CB 16.489 18.918 18.918 0.516 18.918 0.000 0.000 
LK 16.489 9.766 9.766 0.512 9.766 0.000 0.000 
NP 16.489 2.645 2.645 0.491 2.645 0.000 0.000 
SP 16.489 8.642 8.642 0.485 8.642 0.000 0.000 
NT 16.489 5.664 5.664 0.477 5.664 0.000 0.000 
PC 16.489 15.940 15.940 0.517 15.940 0.000 0.000 
US 16.489 119,483 119.483 0.506 119.483 0.000 
Table A.2. Summary of equilibrium prices, production, consumption and net exports by consuming 
regions. 1985 Solution II. 
Net Exports 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita'^  Production Interreg'l. Intern'1 
Cattle 
NE 40.35 56.63 84.11 1.45 1.86 -54.77 -27.46 
AP 39.79 29.51 29.51 1.29 29.51 0.00 0.00 
SE 38.91 32.18 32.18 1.31 22.66 -9.51 0.00 
DL 38.30 11.20 11.18 1.21 25.26 14.05 0.02 
CB 38.04 55.44 55.44 1.51 55.44 0.00 0.00 
LK 38.51 26.58 28.03 1.46 6.81 -19.76 -1.44 
NP 37.44 7.69 7.69 1.42 75.41 67.71 0.00 
SP 37.53 24.73 24.73 1.38 24.73 0.00 0.00 
MT 36.68 16.64 16.64 1.40 26.85 10.20 0.00 
PA 38.40 48.21 45.99 1.49 40.28 -7.31 2.21 
US 38.70 308,85 335.52 1.42 308.54 0.00 -26.67 
M^easured in 1975 dollars. 
T^otal demand, domestic consumption, production and net exports are in the following units: 
cattle, hogs, fluid milk, manufactured milk, oil, sheep and lambs, and poultry meat, million cwt.; 
\rtieat, corn, oats, and barely, million bushels; eggs, million hundred dozens. 
P^er capita consumption is in cwt, bushels and hundred dozens. 
Table A.2. Continued 
Net Exports 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^ Production Interreg'l. Intern'l. 
Hogs 
NE 26.516 36.465 45.621 0.788 -0.000 -36.465 -9.155 
AP 26.005 16.927 16.927 0.744 -0.000 -16.927 0.000 
SE 25.156 18.235 18.235 0.743 5.173 
-13.062 0.000 
DL 25.093 7.488 6.520 0.711 5.619 -1.869 0.968 
CB 23.173 29.458 29.458 0.803 122.231 92.772 0.000 
LK 24.384 15.344 15.002 0.786 10.412 -4.932 0.342 
NP 23.979 4.116 4.116 0.764 27.707 23.591 0.000 
SP 25.430 13.190 13.190 0.740 -0.000 -13.190 0.000 
MT 26.351 8.577 8.577 0.723 3.203 -5.373 0.000 
PC 28.014 24.544 23.264 0.755 -0.000 -24.545 1.281 
US 25.571 174.345 180.910 0.766 174.345 -6.565 
Fluid Milk 
NE 5.982 87.868 87.868 1.518 86.868 0.000 0.000 
AP 5.679 34.016 34.016 1.495 34.016 0.000 0.000 
SE 4.787 37.398 37.398 1.524 37.398 0.000 0.000 
DL 5.912. 13.386 13.386 1.459 13.386 0.000 0.000 
CB 5.045 56.688 56.688 1.545 46.547 -10.141 0.000 
LK 4.059 30.097 30.097 1.577 40.238 10.141 0.000 
NP 4.544 8.305 8.305 1.542 8.305 0.000 0.000 
SP 5.380 26.796 26.796 1.504 26.796 0.000 0.000 
MT 6.083 17.488 17.488 1.474 17.488 0.000 0.000 
PC 4.353 48.309 48.309 1.568 48.309 0.000 0.000 
US 5.227 360.352 360.352 1.527 360.352 0.000 
Table A.2. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  
Manufactured Milk 
NE 4.526 80.358 80.358 1.388 
AP 4.484 28.095 28.095 1.234 
SE 4.457 30.152 30.152 1.229 
DL 4.452 6.872 10.302 1.123 
CB 4.237 53,293 53.293 1.452 
LK 4.059 25.084 28.514 1.494 
NP 4.277 7.170 7.170 1.331 
SP 4.457 21.007 21.007 1.179 
MT 4.492 14.332 14.332 1.208 
PC 4.353 38.419 41.849 1.358 
US 4.391 304.782 315.072 1.335 
Vegetable Oils 
NE 72.704 13.608 4.126 0.071 
AP 71.602 11.072 1.590 0.070 
SE 72.359 14.495 1.548 0.063 
DL 72.263 106.299 0.534 0.058 
CB 70.683 35.720 2.896 0.079 
LK 70.286 11.697 1.485 0.078 
NP 70.204 0.418 0.418 0.078 
SP 59.389 4.383 2.741 0.154 
MT 72.072 0.774 0.774 0.065 
PC 63.558 3.991 3.991 0.130 
US 71.415 202.456 20.102 0.085 
•SF-
Net Exports 
Production Interreg'l. Intern'1. 
-0.003 
-0.000 
0.005 
-0.002 
0.004 
266.356 
0.002 
-0.002 
0.004 
38.419 
304.782 
4.799 
13.190 
10.312 
20.262 
106.739 
15.837 
22.948 
4.383 
-0.004 
3.991 
202.456 
-80.361 
-28.095 
-30.147 
-6.874 
-53.288 
241.272 
-7.169 
-21.009 
-14.329 
0.000 
-8.810 
2.118 
-4.183 
-86.037 
71.019 
4.140 
22.531 
0.000 
-0.778 
0.000 
0.000 
0.000 
0.000 
-3.430 
0.000 
-3.430 
0.000 
0.000 
0.000 
-3.430 
-10.290 
9.482 
9.482 
12.947 
105.765 
32.824 
10.212 
0.000 
1.641 
0.000 
0.000 
182.354 
Table A.2. Continued 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  
Wheat 
NE 3.101 230.669 198.369 3.427 
AP 3.065 136.144 77.294 3.396 
SE 3.003 129.862 82.222 3.350 
DL 3.197 195.472 30.862 3.363 
CB 2,992 125.077 122,127 3.328 
LK 2.638 179.753 63,233 3.312 
NP 2.432 17.867 17.867 3.317 
SP 2.946 660.021 59,101 3,318 
MT 2.371 39.947 39,947 3.366 
PC 3.898 553.533 102,183 3.317 
US 3.190 2268.346 793,196 3.361 
Corn 
NE 2.079 315.490 167.000 2.885 
AP 2.037 311.701 65.351 2.871 
SE 1.790 100.827 70.137 2.858 
DL 1.803 992.749 26.299 2.866 
CB 1.474 184.854 104.984 2.861 
LK 1.433 97.356 54.446 2.852 
NP 1.385 15.363 15.363 2.852 
SP 1.935 138.096 50.516 2.836 
MT 1.710 33.958 33.958 2.861 
PC 2.345 91.883 87,223 2.831 
US 1.856 2282.276 675,276 2.861 
Net Export 
Production Interreg'l. Intern'l. 
79.587 -151.082 32.300 
-0.004 -136.148 58,850 
29.680 -100,182 47.640 
7.964 -187,509 164.610 
0.004 -125^ 073 2.950 
367.262 187.509 116.530 
530.352 512,485 0.000 
660.021 0,000 600.920 
296.865 256.918 0.000 
296.615 -256.918 451.350 
2268.346 1475.150 
36.069 -279.421 148.490 
246.232 -65.469 246.350 
76.197 -24.630 30.690 
-521.095 -1513.844 966.450 
1759,332 1574.477 79.870 
97.356 0.000 42.910 
497.035 481.672 0.000 
58.347 -79.749 87.580 
33.958 0.000 0.000 
-1.153 -93.036 4.660 
2282.276 1607.000 
Table A.2. Continued 
Net Export 
Farm Total Domestic Consumption 
Region Price& Demand^  Consumption Per Capita^  Production Interreg'l. Intern*1. 
Oats 
NE 0.861 19.775 19.285 0.333 19.775 0.000 0.490 
AP 0.861 8.154 7.554 0.332 8.154 0.000 .0.600 
SE 0.863 8.131 8.101 0.330 8.131 0.000 0.030 
DL 0.852 4.495 3.035 0.331 4.495 0.000 1.460 
CB 0.720 12.101 12.091 0.329 12.101 0.000 . 0.010 
LK 0.700 15.538 6.268 0.328 15.538 0.000 9.270 
NP 0.678 1.771 1.771 0.329 16.850 15.078 0,000 
SP 0.852 5.859 5.859 0.329 5.859 0,000 0,000 
MT 1.031 3,910 3.910 0.329 0.042 -3,868 0.000 
PC 1.335 10.421 10.081 0,327 -0.790 
-11.211 0.340 
US 0.872 90.154 77.954 0.330 90.154 12.200 
Barley 
NE 1.797 35.046 35.026 0,605 5.190 -29.856 0.020 
AP 1.657 14.828 13.828 0,608 14.828 0.000 1.000 
SE 1.575 14.943 14.943 0.609 1.489 -13,453 0.000 
DL 1.707 7.154 5.564 0.606 0.126 -7.028 1.590 
CB 2.202 21.943 21.883 0.596 21.943 0.000 0.060 
LK 1.468 32.015 11.655 0.611 32.015 0.000 20.360 
NP 1.123 3.326 3.326 0.617 59.123 55.797 0.000 
SP 1.437 11.131 10.891 0.611 13.935 2.804 0.240 
MT 1.386 7.271 7.271 0.613 7.271 0.000 0.000 
PC 2.241 34.790 18.350 0.596 26.527 -8.263 16.440 
US 1.789 182.446 142.736 0.605 182.446 39.710 
Table A.2. Continued 
Net Export 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  Production Interreg'l. Intern*1. 
Sheep and Lamb 
NE 31.166 5.956 5.956 0.103 5.956 0.000 0.000 
AP 31.166 2.177 2.177 0.096 2.177 0.000 0.000 
SE 31.166 2.277 2.277 0.093 2.277 0.000 0.000 
DL 31.166 0.808 0.808 0.088 0.808 0.000 0.000 
CB 31.166 3.535 3.535 0.096 3.535 0.000 0.000 
LK 31.166 1.844 1.844 0.097 1.844 0.000 0.000 
NP 31.166 0.498 0.498 0.092 0.498 0.000 0.000 
SP 31.166 1.633 1.633 0.092 1.633 0.000 0.000 
MT 31.166 1.067 • 1.067 0.090 1.067 0.000 0.000 
PC 31.166 3.064 3.064 0.099 3.064 0.000 0.000 
US 31.166 22.859 22.859 0.097 22.859 0.000 
Eggs 
NE 39.826 13.883 13.883 0.240 13.883 0.000 0.000 
AP 39.826 5.377 5.377 0.236 5.377 0.000 0.000 
SE 39.826 5.775 5.775 0.235 5.775 0.000 0.000 
DL 39.826 2.142 2.142 0.233 2.142 0.000 0.000 
CB 39.826 8.729 8.729 0.238 8.729 0.000 0.000 
LK 39.826 4.526 4.526 0.237 4.526 0.000 0.000 
NP 39.826 . 1.269 1.269 0.236 1.269 0.000 0.000 
SP 39.826 4.192 4.192 0.235 4.192 0.000 0.000 
MT 39.826 2.791 2.791 0.235 2.791 0.000 0.000 
PC 39.826 7,325 7.325 0.238 7.325 0.000 0.000 
US 39.826 56.008 56.008 0.237 56.008 0.000 
Table A.2. Continued 
Net Export 
Farm Total Domestic Consumption 
Region Price^  Demand^  Consumption Per Capita^  Production Interreg'l. Intern*1. 
Chicken and Turkey 
NE 17.362 30.178 30.178 0.521 30.178 0.000 0.000 
AP 17.362 10.950 10.950 0.481 10.950 0.000 0.000 
SE 17.362 11.632 11.632 0.474 11.632 0.000 0.000 
DL 17.362 4.103 4.103 0.447 4.103 0.000 0.000 
CB 17.362 18.594 18.594 0.507 18.594 0.000 0.000 
LK 17.362 9.606 9.606 0.503 9.606 0.000 0.000 
NP 17.362 2,597 2.597 0.482 2.597 0.000 0.000 
SP 17.362 8.460 8.460 0.475 8.460 0.000 0.000 
MT 17.362 5,558 5.558 0.468 5.558 0.000 0.000 
PC 17.362 15.655 15.655 0.508 15.655 0.000 0.000 
US 17.362 • 117.333 117.333 0.497 117.333 0.000 
e A. 
Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
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Land rents by producing areas, measured in 1975 dollars. 
Cropland Rent Hayland Rent Wild Hayland Rent 
Sol I Sol II Sol I Sol II Sol I Sol : 
2.61 5.30 „ 
0.18 1.85 •— 
3.16 6.39 — - — — 
• W M  1.35 mmmm — —  
4.29 7.16 —  —  — —  — 
1.07 0.22 1.09 — —  — —  
3.86 7.02 — —  — —  —  — —  
1.23 3.48 — —  
1.59 3.98 — —  — — —  
4.35 7.28 — —  — — — — 
8.83 11.23 1.03 —-
4.77 7.39 — —  — — • a  _  
0.51 2.15 0.35 0.76 — —  — —  
2.39 4.85 "" 
4.36 7.06 — — —  — —  
— —  1.22 — — — —  
= mmm 0.66 m m  « m  
3.35 5.88 0.19 0.12 
7.62 11.10 2.78 2.43 — —  
2.75 5.36 — —  — 
10.70 14.28 1.06 0.74 — —  — —  
1.81 4.24 2.14 2.14 — -  —  
0.41 1.77 — —  0.07 — —  
3.37 6.65 — —  — —  — —  — —  
2.20 5.16 — —  — 
2.34 5.20 — —  — —  — —  
6.34 9.62 — —  — 
4.90 8.17 — —  — —  
5.51 8.65 — —  
6.94 10.63 1.27 — —  
5.95 8.59 2.35 — —  wmmm 
L0.20 13.96 0.37 
5.06 8.09 — 
— 2.54 — 
5.26 8.78 
9.40 12.14 0.47 1,49 
L0.81 13.83 0.96 — —  >  I "  1  
6.41 8.87 1.03 
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Table A.3. Continued 
Cropland Rent Hayland Rent Wild Hayland Rent 
Area Sol I Sol II Sol I Sol II Sol I Sol II 
42 — —  — —  t - —  — —  
43 0.63 1.08 — —  1.34 0.24 0.80 
44 1.20 3.02 —- 0.03 
45 — —  0.30 2,94 4.72 1.05 1.93 
46 4.48 7.02 —- — — —  
47 5.00 7.77 — *— — —  1,83 
48 
A O  
—— 1.49 
— 
— 0.43 
50 w  0.12 1.32 0.60 1,11 
51 — >0.62 0.19 0,67 
52 —— 0.02 0,22 
53 0.23 1.69 — —  0,22 
54 0.05 1.48 0.13 0,47 
55 2.74 4.67 — — M  
56 0.18 1.34 3.30 —— 
57 1.25 3,69 T-l— 
58 1.54 3.02 . 
59 6.76 9.98 —— — —  0.16 
60 0.78 2.21 — —  — —  — —  — 
61 2.69 5.65 —— — —  — —  —— 
62 4.02 6.85 — — —  —  —  — 
63 3.10 5.66 — — —  — —  
64 0.07 1.92 — — — —  — —  — —  
65 0.06 2.21 — — — —  — —  — —  
66 —  —  — —  1.30 2.39 — — — —  
67 2.78 4.71 — —  0.81 1.42 
68 1.55 3.18 — —  —— — —  
69 3.32 5.78 — — —  —  0.18 0.75 
70 —  —  0.37 1.64 —  —  — —  
71 0.51 1.82 —— — — —  
72 — —  2.01 3.37 — —  
73 — —  1.26 «. — —  — —  — —  
74 1.05 2.70 —— — —  — 
75 0.02 1.67 — —  — —  —  —  — —  
76 —- 0.60 — 
77 
7 f t  
— 1.10 
—• — —  
/ O  
79 ^ —  0.22 1 1  1  4.37 5.52 
80 
O"! 
— 0.73 
— 
OX 
82 1.27 3.18 mmiÊm M M  0.04 
83 0.59 1.41 0.26 0.51 0.18 0,27 
Le Â. 
Area 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
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Continued 
Cropland Rent Hayland Rent Wild Hayland Rent 
Sol I Sol II Sol I Sol II Sol I Sol II 
2.41 
2.43 
0.30 
1.87 
1.57 
3.01 
3.68 
0.44 
1.15 
1.36 
3.47 
2.86 
0.37 
6.48 
0.31 
0 . 6 6  
6.81  
0.35 
0.05 
0.17 
0.45 
0.15 
0.29 
8.59 
2.97 
3.79 
7.00 
2.02 
10.15 
4.19 
5.03 
8.39 
3.08 
1,82 1.80 
0.64 
0.43 
1.19 
0.37 
0.66 
0.46 
1.21 
0.39 
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Table A.4. Weighting factors for feed grain and feed grain-soybean 
rotations. 
Feed Grain-
Feed Grain Rotation Soybean Rotation 
Feed Soy-
Region Wheat Corn Oats Barley Grain beans 
1 0.322 0.645 0.034 — —  0.490 0.510 
2 0.623 0.258 0.119 — —  0.090 0.910 
3 0.846 0.031 0.124 — —  0.500 0.500 
4 0.075 0.925 —— — — • — —  
5 0.723 0.134 0.140 0.003 0.290 0.710 
6 0.889 0.049 0.047 0.015 0.500 0.500 
7 0.587 0.245 0.086 0.082 0.410 0.590 
8 0.926 0.056 0.014 0.004 0.500 0.500 
9 0.416 0.288 0.113 0.183 0.500 0.500 
10 0.911 0.048 0.022 0,020 0.500 0.500 
11 0.891 0.039 0.049 0.020 0.330 0.670 
12 0.936 0.029 0.031 0.004 0.500 0.500 
13 0.889 0.075 0,030 0,006 0,150 0.850 
14 0.861 0.123 0.010 0,006 0,500 0.500 
15 0,508 0.377 0.084 0,031 0.410 0.590 
16 0.967 0.033 — —  —  —  0.330 0.670 
17 0.804 0.196 — —  0.500 0.500 
.18 0.952 0.042 — —  0.006 0.040 0,960 
19 0.946 0.041 0.013 0,230 0.770 
20 0.777 0.185 0.024 0.014 0,170 0.830 
21 0.940 0.054 — —  0.006 0.500 0.500 
22 0.839 0.056 0.039 0.066 0.870 0.130 
23 0.857 0.132 —  —  0,011 0.500 0.500 
24 0.406 0.533 0,005 0.056 0.840 0.160 
25 0.774 0.161 0.024 0.041 0,610 0.390 
26 0.844 0.116 0.006 0,033 0.500 0.500 
27 0.862 0.067 0.049 0.022 0.580 0.420 
28 0.907 0.082 0.011 0.500 0,500 
29 0.661 0.319 0.020 — —  0.430 0.570 
30 0.803 0.191 0.006 0.500 0.500 
31 0.918 0.056 0.019 0.008 0.500 0.500 
32 0.970 0.014 0.012 0.004 0.500 0.500 
33 0.862 0.135 0.003 0.001 0.500 0,500 
34 0.780 0.218 0.002 — 0.370 0.630 
35 0.877 0.121 0.001 0.001 0.500 0.500 
36 0.933 0.043 0.019 0.005 0.520 0.480 
37 0.577 0.185 0.065 0.173 0.500 0.500 
38 0.874 0.076 0.008 0.042 0.500 0.500 
39 0.776 0.213 0.001 0.010 0.500 0.500 
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Table A.4. Continued 
Feed Grain-
Feed Grain Rotation Soybean Rotation 
Feed Soy-
Region Wheat Corn Oats Barley Grain beans 
40 0.778 0.219 0.001 0.002 0.500 0.500 
41 0.726 0.273 0,001 — 0.410 0.590 
42 0.810 0.109 0.039 0.043 0.500 0.500 
43 0.700 0.277 0.023 — —  0.280 0.720 
44 0.274 0.723 0.002 — —  0.360 0.640 
45 0.498 0.491 0.011 —— 0.100 0.900 
46 0.716 0.254 0.029 • i - —  0.500 0.500 
47 0.630 0,365 0.005 0.500 0.500 
48 0.159 0.563 0.278 — —  0.250 0.750 
49 0.241 0.732 0.026 — —  0.290 0.710 
50 0.059 0.267 0.674 — —  0.160 0.840 
51 0.055 0.327 0.618 — 0.100 0.900 
52 0.010 0.458 0.532 —  —  — — 
53 0.244 0.498 0.188 0.070 — —  —  —  
54 0.388 0.473 0.102 0.037 0.340 0.660 
55 0.462 0.479 0.058 0.001 0.440 0.560 
56 0.581 0.357 0.021 0.041 0.140 0.860 
57 0.644 0.150 0.009 0.197 0.250 0.750 
58 0.234 0.244 0.284 0.238 — —  — —  
59 0.694 0.088 0.033 0.185 0.500 0.500 
60 0.444 0.017 0.036 0.502 — —  — —  
61 0.623 0.111 0.017 0.249 0.340 0.660 
62 0.512 0.141 0.049 0.298 0.500 0.500 
63 0.330 0.155 0.117 0.398 0.480 0.520 
64 0.256 0.115 0.089 0.541 0.200 0.800 
65 0.033 0.051 0.197 0.719 0.170 0.830 
66 0.005 0.004 0,079 0.912 — 
67 0.062 0.286 0.437 0.215 0,260 0.740 
68 0.003 0.056 0.275 0.665 — — —  
69 0.094 0.240 0.273 0.393 0.500 0,500 
70 . 0.015 0.100 0.885 — —  
71 0.005 0.190 0.054 0.751 — —  
72 0.001 0.001 0,005 0.993 — 
73 0.018 0.575 0.137 0.269 — 
74 0.289 0.240 0.032 0.439 0.120 0.880 
75 0.202 0.066 0.009 0.724 — — —« 
76 0.621 0.020 0,005 0.354 — — —  
77 0.714 0.097 0.189 •  W W  
78 0.020 — —  0,980 
79 0.094 0,906 
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Table A.4. Continued 
Feed Grain-
Feed Grain Rotation Soybean Rotation 
Feed Soy-
Region Wheat Corn Oats Barley Grain .. beans 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
0.166 0.480 0.052 0,302 — —— 
0.329 0.310 0.102 0,258 0.500 0.500 
0.081 0.141 0.725 0.054 
0.114 0,886 —— — — —— 
— — 0.067 0.933 
0.009 0.358 0.633 
0.167 0.034 0.396 0,403 —^ 
0.013 0.008 0.159 0.820 — — 
—— —— —— 1.000 —— 
0.042 0.958 — — — 
— 0.030 0.970 — —  
:: 0.193 0.807 —- — — — 
:: 0.290 0.710 :: 
0.912 0.088 —— — — —  
— — 1.000 — —— —— 
0.061 0.939 —— 
—— 0.073 0.927 —— —— 
0.012 0.065 0.901 0,021 
0.027 0.430 0.544 
0.008 0.148 0.828 0.017 —— — — 
e A. 
gion 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Weighting factors for feed grain-silage, feed grain-hay, and 
hay-silage rotations. 
Feed Grain-
Silage Rotation 
Feed 
Grain Silage 
Feed Grain-
Hay Rotation 
Feed 
Grain Hay 
Hay-Silage 
Rotation 
Hay Silage 
0.704 
0.843 
0.931 
0.351 
0.791 
0.974 
0.891 
0.983 
0.893 
0.956 
0.971 
0.947 
0.918 
0.980 
0.905 
0.964 
0.938 
0.974 
0.975 
0.936 
0.947 
0.945 
0.962 
0.944 
0.905 
0.924 
0.948 
0.960 
0.922 
0.966 
0.974 
Q.984 
0.974 
0.972 
0.990 
0.947 
0.921 
0.964 
0.982 
0.296 
0.157 
0.069 
0.649 
0.209 
0.026 
0.109 
0.017 
0.107 
0.044 
0.029 
0.053 
0,082 
0.020 
0.095 
0.036 
0.062 
0.026 
0.025 
0.064 
0.053 
0.055 
0.038 
0.056 
0.095 
0.076 
0.052 
0.040 
0.078 
0.034 
0.026 
0.016 
0.026 
0.028 
0.010 
0.053 
0.079 
0.036 
0.018 
0.247 
0.506 
0.767 
0.041 
0.276 
0.909 
0.599 
0.934 
0.667 
0.617 
0.589 
0,518 
0.330 
0.959 
0.554 
0.880 
0.823 
0.754 
0.770 
0.645 
0.624 
0.774 
0.502 
0.728 
0.365 
0.315 
0.717 
0.586 
0.501 
0.765 
0.731 
0.887 
0,831 
0.827 
0.906 
0.770 
0.606 
0.710 
0.760 
0.753 
0.494 
0.233 
0.959 
0.724 
0.091 
0.401 
0.066 
0.333 
0.383 
0.411 
0.482 
0.670 
0.041 
0.446 
0.120 
0.177 
0.246 
0.230 
0.355 
0.376 
0.226 
0.498 
0.272 
0.635 
0.685 
0.283 
0.414 
0.499 
0.235 
0.269 
0.113 
0.169 
0.173 
0.094 
0,230 
0.394 
0,29.0 
0.240 
0.121 
0.161 
0.196 
0.074 
0.092 
0.208 
0.155 
0.200 
0.194 
0.070 
0.041 
0.057 
0.042 
0.322 
0.115 
0.212 
0.235 
0.076 
0.078 
0.110 
0.085 
0.166 
0.039 
0.137 
0,057 
0.036 
0.121 
0.056 
0.078 
0.103 
0,069 
0,112 
0.116 
0,121 
0.087 
0.157 
0,117 
0.084 
0.055 
0.879 
0.839 
0.804 
0.926 
0.908 
0.792 
0.845 
0.800 
0.806 
0.930 
0.959 
0.943 
0.958 
0.678 
0.885 
0.788 
0.765 
0.924 
0.922 
0.890 
0.915 
0.834 
0.961 
0.863 
0.943 
0.964 
0.879 
0.944 
0.922 
0.897 
0,931 
0,888 
0,884 
0,879 
0.913 
0,843 
0.883 
0,916 
0.945 
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Table A.5. Continued 
Feed Grain- Feed Grain- Hay-Silage 
Silage Rotation Hay Rotation . . Rotation 
Feed Feed 
Region Grain Silage Grain Hay Hay Silage 
40 0.975 0.025 0.853 0.147 0.129 0.871 
41 0.948 0.052 0,787 0.213 0.168 0.832 
42 0.821 0.179 0.268 0.732 0.074 0.926 
43 0.897 0.103 0.647 0.353 0.174 0.826 
44 0.735 0.265 0,442 0,558 0.223 0.777 
45 0.837 0,163 0.558 0.442 0.197 0.803 
46 0.925 0.075 0.874 0,126 0.361 0.639 
47 0.865 0,135 0,694 0,306 0.261 0.739 
48 0.874 0.126 0.696 0.304 0.248 0.752 
49 0.801 0.199 0.272 0.728 0.085 0.915 
50 0.952 0.048 0,887 0.113 0.283 0,717 
51 0.909 0.091 0.806 0.194 0.294 0.706 
52 0.780 0.220 0.564 0,436 0.266 0.734 
53 0.824 0.176 0,264 0.736 0.071 0.929 
54 0.776 0.224 0.599 0.401 0.301 0.699 
55 0.842 0.158 0,767 0.233 0.382 0,618 
56 0.865 0.135 0,827 0,173 0.427 0.573 
57 0.974 0.026 0.844 0,156 0.128 0.872 
58 0.933 0.067 0,585 0.415 0.091 0,909. 
59 0.958 0,042 0.597 0.403 0,061 0.939 
60 0.960 0.040 0.856 0.144 0.200 0.800 
61 0.942 0.058 0.746 0.254 0.153 0.847 
62 0.895 0.105 0.742 0.258 0.253 0.747 
63 0.864 0.136 0.745 0.255 0.315 0.685 
64 0.889 0.111 0.770 0.230 0,294 0.706 
65 0.869 0.131 0.836 0.164 0.433 0.567 
66 0.948 0.052 0,950 0.050 0.511 0,489 
67 0.949 0.051 0.730 0.270 0.127 0.873 
68 0.930 0.070 0.869 0.131 0.333 0.667 
69 0.949 0.051 0.584 0.416 0.070 0.930 
70 0.974 0.026 0.959 0.041 0.382 0.618 
71 0.955 0.045 0.888 0.112 0.269 0.731 
72 0.990 0.010 0.994 0.006 0.631 0.369 
73 0.948 0.052 0.682 0.318 0.105 0.895 
74 0.982 0.018 0.686 0.314 0.038 0.962 
75 0.982 0.018 0.893 0.107 0.133 0.867 
76 0.984 0.016 0.760 0.240 0.048 0.952 
77 0.940 0.060 0.462 0.538 0.052 0.948 
78 0.989 0.011 0,945 0.055 0.154 0.846 
79 0.888 0.112 0.796 0.204 0.329 0.671 
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Table A.5. Continued 
Feed Grain- Feed Grain- Hay-Silage 
Silage Rotation Hay Rotation Rotation 
Feed Feed 
Region Grain Silage Grain Hay Hay Silage 
80 0.970 0.030 0.643 0.357 0.052 0.948 
81 — —  — 1.000 — —  1.000 
82 0.921 0.079 0.278 0.722 0.032 0.968 
83 0.960 0.040 0.469 0.531 0.036 0.964 
84 0.980 0.020 0.768 0.232 0.064 0.936 
85 0.998 0.002 0.666 0.334 0.004 0.996 
86 0.961 0.039 0.302 0.698 0.017 0.983 
87 0.930 0.070 0.735 0.265 0.172 0.828 
88 0.988 0.012 0.852 0.148 0.068 0.932 
89 0.965 0.035 0.966 0.034 0.508 0.492 
90 — —  — 0.684 0.316 — —  1.000 
91 0.579 0.421 0.390 0.610 0.317 0.683 
92 0.600 0.400 — —  1.000 
93 —• —r- — 1.000 
94 — —  1.000 1.000 0.877 0.123 
95 0.987 0.013 0.326 0.674 0.006 0.994 
96 0.938 0.062 0,573 0.427 0.082 0.918 
97 0.294 0.706 0.133 0.867 0.269 0.731 
98 0.997 0.003 0.746 0.254 0.009 0.991 
99 — —  0.781 0.219 1.000 
100 0.990 0.010 0.879 0.121 0.065 0.935 
101 — —  — — —  — —  —  —  1.000 
102 0.916 0.084 0.318 0.682 0.041 0.959 
103 0.984 0.016 0.633 0.367 0.027 0.973 
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Table A.6. Weighting factors for irrigated feed grain-silage, feed grain-
hay, and hay-silage rotations. 
Feed Grain- Feed Grain- Hay-Silage 
Silage Rotation Hay Rotation Rotation 
Irr. Feed Feed 
Reg. Grain Silage Grain Hay . . Hay Silage 
1 0.796 0.204 0.521 0.479 0.218 0.782 
2 0.899 0.101 0.911 0.089 0.534 0.466 
3 0.970 0.030 0.935 0.065 0.306 0.694 
4 0.757 0.243 0,247 0.753 0.095 0.905 
5 0.816 0.184 0,583 0.417 0.240 0,760 
6 0.845 0.155 0.192 0.808 0.042 0.958 
7 0.884 0.116 0.132 0,868 0.019 0.981 
8 0.9.05 0.095 0.515 0.485 0.101 0.899 
9 0.879 0.121 0.224 0.776 0.038 0.962 
10 0.927 0.073 0.473 0.527 0.066 0.934 
Table A.7. Weighting factors for irrigated feed grain and feed grain-
soybean rotations. 
Feed Grain-
Feed Grain Rotation Soybean Rotation 
Irr. Feed Soy­
Reg. Wheat Corn Oats Barley Grain beans 
1 0.823 0.111 0.047 0.019 
2 0.779 0,001 0.003 0.216 0.992 0.008 
3 0.020 0.006 0.025 0.950 0.972 0.028 
4 0.274 0.271 0.451 0.005 — —  — T 
5 0.181 0,026 0.079 0.714 mmmwm — —  
6 0.081 0.233 0.686 — —  — —  — —  
7 0.156 0.194 0.612 0,038 . — —  
8 0.018 0.014 0.520 0.448 
9 0.292 0.252 0.455 
10 0.112 0.017 0.665 0.206 
